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Executive Summary 
 

Nutrients, such as nitrogen (N) and phosphorus (P), are natural parts of aquatic ecosystems that 

support the growth of algae and aquatic plants, which provide food and habitat for fish, shellfish 

and smaller organisms that live in water. However, when too much N and P enter the 

environment, the water can become polluted affecting the aquatic ecosystem, recreation and 

drinking water supplies. Nutrient pollution is considered one of the nation's leading causes of 

water quality degradation. 

 
Nutrients originate from a variety of sources including nonpoint sources, such as agriculture and 

urban runoff, and point sources, such as municipal and industrial wastewater discharges. Once 

these nutrients enter our rivers and streams through runoff, they may be transported far 

downstream where they may impact other rivers, streams, lakes, and reservoirs both in and 

outside the State, and internationally. In addition to direct nutrient contributions as the result of 

runoff, nutrients may enter our groundwater through infiltration where they can contaminate our 

public and private drinking water supplies. 

 

In North Dakota, the leading sources of nutrients include nonpoint sources such as erosion and 

runoff from cropland, runoff from animal feeding operations, hydrologic modification (e.g., 

historic wetland drainage and stream channelization), failing septic systems, industrial and 

municipal point sources, and storm water runoff. Other sources of nutrients include poorly 

managed pastures and rangeland, riparian grazing, and tile drainage. 

 

To address the serious environmental, human health, and water quality issues caused by 

excessive nutrients in our waters, the North Dakota Department of Environmental Quality 

(NDDEQ) has developed this Nutrient Reduction Strategy (strategy) for North Dakota to serve as 

a blueprint for local, state and federal agencies, cities, counties, and the public to address 

excessive nutrient runoff and loading to our rivers, streams, lakes, reservoirs, and wetlands. The 

goal of the strategy is to help the State prioritize watersheds and best management practices 

(BMPs) to achieve cost effective solutions to reduce the delivery of nutrients to the Stateôs lakes, 

reservoirs, rivers, streams, and wetlands. 

 
The NDDEQ recognizes that implementation of the strategy is primarily voluntary and thus will 

require sustained public interest and support. To ensure public support, the NDDEQ initiated a 

consensus-based stakeholder process to develop the strategy and its core components. The 

process for developing the strategy was initiated by the formation of a Planning Team in 

November 2012. The NDDEQ invited individuals representing a variety of stakeholder sectors to 

serve as advisors on a 35-member Planning Team. The purpose of the Planning Team was to 

assist the NDDEQ in identifying the core components of the strategy and in outlining a process 

for developing the strategy. Key to developing the strategy was the establishment of five 

workgroups established around what the Planning Team identified as the core components of a 

nutrient reduction strategy. The core components were 1) prioritization and targeting, 2) nutrient 

criteria development, 3) nutrient reduction strategies for point sources, 4) nutrient reduction 

strategies for nonpoint sources, and 5) accounting and verification measures and reporting. The 

five core components deemed necessary for accomplishing the strategyôs goal of targeting and 

prioritizing watersheds and best management practices (BMPs) to achieve cost effective 

solutions to reduce the delivery of nutrients to the Stateôs lakes, reservoirs, rivers, streams, and 

wetlands. 
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While each component of the strategy is described in detail, implementation of this strategy will 

need to be accomplished through an integrated nutrient reduction delivery process.  Key to this 

integrated process will be implementation of the core components through a watershed approach 

using the principles of adaptive management, effective communication with the public and 

partners, and maintenance of transparency and accountability through effective performance 

measures and reporting. 

 
The NDDEQ recognizes the successful implementation of the strategy will best be achieved on 

a watershed scale. This will promote a more coordinated effort for the collection and sharing of 

data and information, increased availability of technical and financial resources, and more 

focused and effective nutrient management activities. 

 

One example for implementation of the strategy is the Basin Water Quality Management 

Template (Basin Template). The Basin Template is organized around five major river basins in 

the State including the Red River Basin, James River Basin, Souris River Basin, Upper Missouri 

River Basin (including Lake Sakakawea), and Lower Missouri River Basin including Lake 

Oahe (Appendix E). 

 
A key to the successful implementation of the nutrient reduction strategy or any other water 

quality or watershed management plan is the adaptive management process. Adaptive 

management, also known as adaptive resource management (ARM), is a systematic approach for 

improving resource (or in this case water quality improvement and nutrient reduction) 

management policies and practices by learning from management outcomes. ARM 

acknowledges uncertainty about how natural resource systems function and how they respond to 

management actions. ARM is designed to improve the understanding of how a resource system 

works to achieve management objectives. ARM also makes use of management interventions 

and follow-up monitoring to promote understanding and improve subsequent decision making. 

In the context of the implementation of the nutrient reduction strategy, ARM consists of the 

development, implementation, and evaluation of a watershed-scale plan. If a desired outcome is 

not accomplished, then the plan will be modified or changed. 

 

Public education and outreach are essential to the successful implementation of the nutrient 

reduction strategy. Education and outreach will be required at multiple spatial scales, including 

the state scale, basin scale and watershed or local scale. At the state scale, education and outreach 

will need to focus on communicating the water quality problems associated with nutrient 

pollution, and the primary purposes of the nutrient reduction strategy in terms of its guiding 

principles, goals, and objectives. 

 

Reporting the progress of nutrient reduction at the State, basin and watershed scale is an 

important component of the strategy and is critical to the successful implementation of the 

strategy. Effective communication between the agencies and organizations involved in nutrient 

reduction activities and the public is essential to maintaining transparency and ensuring 

credibility. Communicating successes to the appropriate audiences in the form of a clear, 

concise, and understandable message will help engage stakeholders and build confidence in the 

programs, projects, and activities that will be implemented through the strategy. 
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I. Background on Nutrient Pollution 

 
Nutrients, such as nitrogen (N) and phosphorus (P), are natural parts of aquatic ecosystems that 

support the growth of algae and aquatic plants, which provide food and habitat for fish, shellfish, 

and smaller organisms that live in water. However, when too much N and P enter the 

environment, water can become polluted affecting the aquatic ecosystem, recreation, and 

drinking water supplies. Nutrient pollution is considered one of the nation's leading causes of 

water quality degradation. 

 

Many of North Dakotaôs waterbodies are affected by nutrient pollution. It is estimated that 69% 

of perennial streams in the State are impaired due to excessive P and 57% due to excessive N 

(NDDEQ, 2015a). Furthermore, more than 24% of the Stateôs lakes and reservoirs are listed as 

impaired for fishing and water-based recreation due to excessive nutrients (NDDEQ, 2015b). In 

addition, a growing number of lakes and reservoirs in the State are experiencing harmful blue-

green algae (i.e., cyanobacteria) blooms caused by excessive N and P loadings. Of concern are 

recent reports of blue-green algae blooms in parts of Lake Sakakawea. These blue-green algae 

blooms can produce harmful toxins, referred to as cyanotoxins, in the water which can pose a 

risk to human health in drinking water supplies and by primary contact recreational activities 

such as swimming, skiing, and boating. 

 

Nutrients originate from a variety of sources including nonpoint sources, such as agriculture and 

urban runoff, and point sources, such as municipal and industrial wastewater discharges. Once 

these nutrients enter our rivers and streams, they may be transported far downstream where they 

may impact other rivers, streams, lakes, and reservoirs both in and outside the State, and 

internationally. In addition to direct nutrient contributions as the result of runoff, nutrients may 

enter our groundwater through infiltration where they can contaminate our public and private 

drinking water supplies. 

 

In North Dakota, the leading sources of nutrients include industrial and municipal point sources, 

storm water runoff, and nonpoint sources such as failing septic systems, erosion and runoff from 

cropland, runoff from animal feeding operations, and hydrologic modification (e.g., historic 

wetland drainage and stream channelization). Other sources of nutrients include poorly managed 

pastures and rangeland, riparian grazing, and tile drainage. 

 

North Dakota is not alone in facing nutrient related water quality problems. To some degree, 

every state is facing problems with nutrient enrichment caused by excessive N and P loading. 

For example, in 2015 Montana adopted numeric nutrient criteria for its rivers and streams, 

including the Yellowstone River, and is now working with its many point source dischargers in 

the implementation of effluent limits to address these criteria. To the east, Minnesota finalized 

its nutrient reduction strategy in September 2014 and has begun implementing many of its 

recommendations, including supporting the development of a nutrient management plan for the 

Red River basin. In Manitoba, nutrient reduction efforts were formally announced in 2003 

through the Lake Winnipeg Action Plan and are currently being updated as new nutrient targets 

are developed for Lake Winnipeg and its tributaries including the Red River. 
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II.  Strategy Goal and Rationale 

 
To address the serious environmental, human health, and water quality issues caused by 

excessive nutrients in our waters, the NDDEQ has developed this Nutrient Reduction Strategy 

(strategy) for North Dakota to serve as a blueprint for local, state and federal agencies, cities, 

counties, and the public to address excessive nutrient runoff and loading to our rivers, streams, 

lakes, reservoirs, and wetlands. The goal of the strategy is to help the State prioritize watersheds 

and best management practices (BMPs) to achieve cost effective solutions to reduce the delivery 

of nutrients to the Stateôs lakes, reservoirs, rivers, streams, and wetlands. 

 

This strategy is also supported by the U.S. Environmental Protection Agency (EPA). In the 

EPAôs March 16, 2011 memo (Stoner, 2011), ñWorking Effectively in Partnership with States to 

Address Phosphorus and Nitrogen Pollution through Use of a Framework for State Nutrient 

Reductions,ò the EPA stated they have begun to work collaboratively with states and 

stakeholders to help them develop effective statewide strategies for reducing nutrient loadings 

while they continue developing numeric criteria for these pollutants. This memo calls upon states 

to identify and prioritize watersheds where N and P loadings are significant and to set loading 

reduction goals based on best available information. This strategy, when implemented, will 

achieve these objectives. 

 

The strategy will function as a blueprint and starting point for a multi-year, multi-faceted effort 

to reduce nutrient pollution in North Dakotaôs surface waters. The strategy will also provide 

clear and meaningful guidance for the development of nutrient criteria for North Dakotaôs 

surface waters. Furthermore, the strategy will be flexible in nature, allow for adaptive 

management (see Section IV.B.3 for details), and accommodate revisions and updates as 

needed. The development of the strategy is driven by the following guiding principles: 

¶ It must be technically, and scientifically supported. 

¶ It can be implemented within State and local laws. 

¶ The implementation must be equitable. 

¶ It must include measures to safeguard public health. 

¶ It must minimize economic impacts. 

While it is the goal of the strategy to reduce the delivery of nutrients to the Stateôs water 

resources by encouraging the wise use and proper management of nutrients, it is not the goal of 

this strategy to eliminate the use of fertilizers on crops grown in the State. This strategy 

recognizes that nutrients, principally N and P, are necessary and critical to grow the food we 

need for world population. This strategy also recognizes that nutrients are a diminishing 

resource. One that requires new and innovative strategies to properly use, conserve, and reclaim 

them, whether it is from a farm field, a feedlot, or a wastewater treatment plant. 

 

Finally, this strategy was developed with the understanding that North Dakota is not ñstarting 

from scratchò and that there are currently many programs, projects, and activities in place that 

result in nutrient reductions. For example, the NDDEQôs Section 319 Nonpoint Source 

Pollution Management Program continues to support 15 to 20 watershed projects annually in the 

State. 
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Each of these watershed projects has the goal of reducing the delivery of nonpoint source 

pollutants, including nutrients, to surface water resources in the state. The watershed project 

goals are generally accomplished by 1) promoting voluntary adoption of specific BMPs, 2) 

providing financial and technical assistance to implement BMPs, 3) disseminating information 

on the project and solutions to identified NPS pollution impacts, and 4) evaluating progress 

toward meeting NPS pollutant reduction goals. 

 

Local sponsors utilize numerous funding sources including Section 319 funds, USDA cost-share, 

North Dakota Outdoor Heritage funds, and local contributions to support their watershed 

restoration efforts. Funds allocated to a watershed project will typically be used to employ staff, 

cost-share BMPs, conduct information and education (I&E) events, and monitor trends in water 

quality, land use, and/or the aquatic community. Watershed projects are generally implemented 

as five-year projects but can be extended for five or more years depending on progress, size of 

the watershed, and extent of beneficial use impairments associated with NPS pollution. 

 

To effectively reduce or eliminate the transport of NPS pollutants, including nutrients, to surface 

and/or groundwater resources, various ñsource controlò measures are implemented within the 

watershed projects. These source control measures or BMPs are designed to 1) prevent 

pollutants from leaving a specific area, 2) reduce/eliminate the introduction of pollutants, 3) 

protect sensitive areas, and/or 4) prevent interaction between precipitation and pollutants. 

Specific BMPs supported by the NPS Program and the associated Section 319 cost share policies 

are described the ñNorth Dakota Nonpoint Source Pollution Management Program Cost Share 

Guidelines for Nonpoint Source Pollution Control Best Management Practicesò 

(http://www.ndhealth.gov/WQ/SW/Z1_NPS/B_Program_Info.htm). Within each watershed 

project, the type of BMPs implemented will be dependent on several factors. Those include the 

NPS pollutants being addressed, the specific sources and causes of NPS pollution, the delivery 

mechanism(s) of the pollutant of concern, and the feasibility and affordability of the prescribed 

BMPs. 

 

While much has been done, and continues to be done, to reduce the delivery of nutrients to the 

Stateôs surface waters, this does not mean that the job is complete. An area of emphasis in this 

strategy is to identify areas where there are gaps in programs or projects needed to address 

nutrient runoff. Another area of emphasis is recognizing the need to better coordinate programs, 

projects, and activities. There are many agencies and organizations in the State that are focused 

on the enhancement of the Stateôs natural resources and the promotion of sustainable land 

management. This strategy recognizes that nutrient reduction must be part of a coordinated and 

comprehensive approach involving all local, state, federal agencies, academic institutions, and 

private organizations in the State. More importantly, the nutrient reduction strategy must engage 

and involve private landowners and non-governmental organizations (NGOs) representing 

individuals actively managing natural resources throughout the State. 

http://www.ndhealth.gov/WQ/SW/Z1_NPS/B_Program_Info.htm
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III.  Strategy Development Process 

 
The NDDEQ recognizes that implementation of the strategy is primarily voluntary and thus will 

require sustained public interest and support. To ensure public support, the NDDEQ initiated a 

consensus-based stakeholder process to develop the strategy and its core components. The 

process for developing the strategy was initiated by the formation of a Planning Team in 

November 2012. The NDDEQ invited individuals representing a variety of stakeholder sectors to 

serve as advisors on a 35-member Planning Team. Members of the Planning Team with their 

sector affiliation are provided in Appendix A. The purpose of the Planning Team was to assist 

the NDDEQ in identifying the core components of the strategy and in outlining a process for 

developing the strategy. Key to developing the strategy was the establishment of five 

workgroups established around what the Planning Team identified as the core components of a 

nutrient reduction strategy. The core components were 1) prioritization and targeting, 2) nutrient 

criteria develop, 3) nutrient reduction strategies for point sources, 4) nutrient reduction strategies 

for nonpoint sources, and 5) accounting and verification measures and reporting. 

 

Following two preparatory Planning Team meetings (November 20, 2012 and April 11, 2013) 

and recognizing that the successful implementation of the strategy will require broad public 

understanding and support, the NDDEQ convened a stakeholder meeting on December 19, 2013. 

In addition to gaining additional input and comment on the strategy development process, the 

stakeholder meeting served as an opportunity to organize each of the five workgroups, including 

two technical workgroups (prioritization and nutrient criteria), two source reduction workgroups 

(point and nonpoint sources), and one workgroup that will develop strategies for measuring 

progress and reporting results to the public. 

 

The workgroup Prioritization Workgroup is charged with developing strategy recommendations 

for the prioritization and targeting core component. The Criteria Workgroup was directed to 

provide recommendations to the NDDEQ for the development of nutrient criteria in the State. 

The two source category workgroups included the Industrial and Municipal Point Source 

Workgroup and Agriculture and Nonpoint Source Workgroup. The purpose of these two source 

category workgroups were to identify cost-effective source reduction strategies (i.e., programs, 

projects, practices) which, when implemented, will result in the reduction of nutrient runoff and 

loading to our surface waters. The fifth workgroup was the Education and Outreach Workgroup. 

This workgroup was established to address processes and measures for accountability and 

reporting progress by recommending indicators to assess progress in meeting the strategyôs goals 

as the strategy is implemented. This workgroup was also asked to provide recommendations on 

education and communication actions to inform agencies, policy makers, and the public about 

the strategy and its elements how to effectively engage federal, state, and local governments, 

communities, and the public in programs and projects designed to implement the strategy. The 

Education and Outreach Workgroup will also be directed to identify indicators of progress that 

can be monitored and used to measure and report progress by the NDDEQ as the strategy is 

implemented. 

 

(Once completed additional language will be added describing the final public review and 

comment process, including the final stakeholder meeting). 
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IV.  Strategy Framework and Core Components 

 
The North Dakota Nutrient Reduction Strategy has been organized around four core components 

1) criteria development, 2) setting reduction targets, 3) identifying reduction priorities, and 4) 

implementing reduction strategies. These core components are deemed necessary for 

accomplishing the strategyôs goal of achieving cost effective solutions to reduce the delivery of 

nutrients to the Stateôs lakes, reservoirs, rivers, streams, and wetlands. Each component of the 

strategy is described in detail in the following sections. The purpose of this strategy to describe 

how each component is part of an integrated nutrient reduction framework. Key to this 

integrated framework will be implementation of the core components through a watershed 

approach using the principles of adaptive management, effective communication of strategy 

goals to agencies, organizations, public and maintenance of transparency and accountability 

through effective performance measures and reporting. 

 

A. Strategy Components 

 

1. Nutrient Criteria  Development 
 

What are water quality standards? 

 

Under the Federal Clean Water Act (CWA) states are responsible for establishing water quality 

standards. Water quality standards are state regulations that specify designated beneficial uses 

for the Stateôs rivers, streams, lakes, and reservoirs. Beneficial uses are defined in the water 

quality standards as drinking water, recreation, fish, and other aquatic organisms (i.e., aquatic 

life), agriculture (e.g., irrigation and livestock watering), and industrial uses (e.g., process water, 

wash water, cooling). These uses are then protected through narrative criteria, numeric criteria, 

and anti-degradation policies and procedures.  

 

Narrative criteria are statements about what should not be in water and are often referred to as 

ñfree fromò water quality standards as waters should be ñfree fromò anything that is introduced 

into the water by manmade sources that could cause harm to the beneficial uses of that water. 

An example of a specific narrative standard in the water quality standards is ñfree from floating 

debris, oil, scum, and other floating materials attributable to municipal, industrial, or other 

discharges or agricultural practices in sufficient amounts to be unsightly or deleterious.ò  

 

Numeric criteria are expressed as a specific concentration of a pollutant that cannot be exceeded, 

or the specific level of a water quality parameter that must be maintained. Examples of the 

former are nitrate as N that should not exceed 10 mg/L and sulfate that should not exceed 250 

mg/L. An example of the later is dissolved oxygen that should not be less than 5 mg/L. 

 

The Stateôs waters, water quality standards are also used to assess the current condition of the 

Stateôs waters. This is accomplished by comparing water quality monitoring data to the 

numeric standards found in the water quality standards. Depending on the beneficial use the 

standard is intended to protect, the use is determined to be fully supporting if the monitoring 

data do not exceed the standard and impaired if the data exceed the standard.  
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Water quality standards are also used to set restoration targets in total maximum daily loads 

(TMDLs) for waterbodies where beneficial uses are impaired. In this case, load allocations 

necessary to meet the water quality standards are calculated for both point sources and 

nonpoint sources. 

 

What are numeric nutrient criteria and how are they developed? 

 

Because Nitrogen (N) and Phosphorus (P) are necessary elements for all organisms, the effects 

that these nutrients have in the aquatic environment are inherently different from the effects of 

other pollutants. Most substances for which numeric criteria are established have known toxic 

effects to people and/or aquatic organisms. Further, these effects and the acute or chronic 

endpoints (i.e., concentration) that causes these effects, have been established through 

toxicological studies in the laboratory under controlled conditions.  

 

Unlike the numeric criteria derived for most substances or pollutants listed in the State water 

quality standards, N and P are essential nutrients for plants and animals. There are even 

examples where waterbodies are intentionally fertilized to enhance their productivity (e.g., 

commercial fish farms) (Suplee et al. 2008). When excessive nutrient enrichment (i.e., 

eutrophication) causes an undesirable or detrimental effect resulting in an impairment to the 

waterbodyôs designated use(s), then N and P control become necessary and nutrient criteria are 

warranted. Establishing the linkage between the concentration or loading of N and/or P and its 

undesirable environmental effect is the key to nutrient criteria development. 

 

Traditionally, nitrogen control and reduction are considered an important component of reducing 

eutrophication. However, recent research has indicated that decreasing phosphorus inputs is a 

key factor in reducing eutrophication (Schindler et al. 2008). While the department is aware of 

the relationship between nitrogen, phosphorus, and eutrophication, the intent of the strategy is to 

reduce both nitrogen and phosphorus.   

 

To assist the states in developing nutrient criteria, the EPA has published a series of peer- 

reviewed technical guidance documents for a variety of waterbody types (e.g., rivers and 

streams, lakes and reservoirs, estuarine and coastal waters, and wetlands). These documents 

describe three methods for deriving numeric nutrient criteria based on a statistical analysis of 

previously collected data. The three approaches are 1) the reference condition approach, 2) 

mechanistic modeling, and 3) stressor-response analysis (USEPA 2010). 

 

The reference condition approach derives nutrient criteria from N and P data collected from 

reference waterbodies representing a particular class or waterbody type (e.g., shallow lake, 

reservoir, perennial stream). Reference waterbodies are generally selected based on land use in 

the waterbodyôs watershed and/or adjacent riparian buffer area and is considered to represent a 

least disturbed and/or minimally disturbed condition within a region.  

 

Since these reference condition waterbodies are assumed to represent natural conditions, free 

from most anthropogenic influences, then the nutrient concentrations and/or loadings observed 

from samples collected from these waterbodies are assumed to represent appropriate values 

upon which numeric nutrient criteria can be based. The challenge in using the reference 

condition approach when developing nutrient criteria is the ability to define and identify 

reference waterbodies and the availability of sufficient data necessary to characterize the 

distributions of different nutrient variables (USEPA 2010). 
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The NDDEQ currently uses the reference condition approach to select sites for biological 

indicator development and in development of condition thresholds for N and P that can be used 

to assess lakes, streams, and wetlands on a state or regional scale using probabilistic sampling 

designs. 

 

The mechanistic modeling approach represents ecological systems using equations that 

represent ecological processes and parameters for these equations that can be calibrated 

empirically from site-specific data. These models are then used to predict changes in the 

system as they relate to changes in N and P concentrations or loadings. An example of the 

mechanistic modeling approach would be the development of a calibrated BATHTUB trophic 

response model for a lake or reservoir which would be used to predict the N and P load 

necessary to meet a prescribed chlorophyll-a target. The NDDEQ frequently uses this 

approach when developing nutrient targets in TMDL analysis. 

 

The third approach to developing numeric nutrient criteria using empirical data is the stressor- 

response modeling approach. The stressor-response modeling approach is used when data are 

available to estimate the relationship between N and P concentrations and a response measure 

(e.g., biological index score) that is directly related to a waterbodyôs designated use (e.g., 

aquatic life). Once the relationship is established through a statistical regression model or other 

statistical relationship, then numeric criteria can be derived that are determined to be protective 

of the designated use.  

 

There are generally four steps involved when using the stressor-response approach (USEPA 

2010). First is the development of a conceptual model which describes the theoretical 

relationships between nutrient sources, changes in nutrient concentrations and loading, 

ecological effects, and impacts to beneficial uses. Second, variables are selected for analysis that 

represent the stressor (i.e., nutrients) and the response (i.e., ecological effect). Following the 

collection of both stressor and response variable data, the third step is data analysis to estimate 

stress-response relationships depicted on the conceptual model. Finally, when the stressor-

response relationship is significant and directly linked to attainment of the beneficial use, 

nutrient criteria are developed. 

 

What is North Dakotaôs approach to nutrient criteria development? 

 

The NDDEQôs approach to developing numeric nutrient criteria for its rivers, streams, lakes 

and reservoirs and the approach endorsed by the Nutrient Criteria Workgroup is to follow the 

approach described in the North Dakota Nutrient Criteria Development Plan (Appendix B). The 

North Dakota Nutrient Criteria Development Plan (Plan) was developed in 2007 in response to 

a January 9, 2001 Federal Register notice and November 14, 2001 memorandum by Geoffrey 

Grubbs (Grubbs, 2001) which recommended that states and authorized tribes develop a nutrient 

criteria development plan to outline their process for how and when they intend to adopt 

numeric nutrient criteria into their water quality standards.  

 

While states and tribes were not required to develop a plan, the EPA strongly encouraged them 

to do so. In these plans, the EPA expected states and tribes to describe a systematic approach 

for numeric nutrient criteria development with milestones for completion. The EPA also 

recommended that plans should describe their strategy for deriving quantitative endpoints, 
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identify data required to develop the quantitative endpoints, identify any data gaps, and specify 

how data gaps will be filled. With regards to strategies for deriving quantitative endpoints, the 

EPA recommended three approaches for deriving numeric nutrient endpoints or criteria: 

 

1. Adopt the EPAôs recommended nutrient criteria based on data aggregated at the Level 

III ecoregion scale (either as a range of nutrient concentrations or as a single value with 

the range). 

2. Combine the EPA recommendations for nutrient criteria based on the Level III 

ecoregion with a stateôs own databases to develop their own statistic-based criteria. 

3. Use an EPA accepted stressor-response methodology or some other scientifically 

defensible method for developing nutrient criteria. 

In developing its Plan, the NDDEQ relies on option three which is to develop numeric nutrient 

criteria based on methods that describe relationships between nutrients (stressor) and their effect 

on aquatic ecosystems (response). Further, the Stateôs Plan is driven by four fundamental 

considerations. These considerations are that the nutrient criteria should be: 

 

1. Protective of the Stateôs water resources and their designated beneficial use. 

2. Tailored to the unique physiographic characteristics and water resources of the State. 

3. Technically and scientifically supported. 

4. Based upon conceptual models that reflect cause (stressor) ï effect (response) 

relationships founded on excess nutrient concentrations and that reflect the reasons 

for resource impairment (e.g., excessive algae in a lake) and the loss of beneficial 

uses. 

 

In terms of setting priorities for numeric nutrient criteria development, the Plan recommends 

developing criteria for large reservoirs and deep natural lakes first, followed by shallow natural 

lakes and small reservoirs, perennial wadable rivers and streams, perennial non-wadable (large) 

rivers and streams, and intermittent/ephemeral streams. In setting these priorities it should be 

recognized that developing criteria for any one of these waterbody types will likely require the 

collection of additional water quality and biological data.  Additionally, that these priorities 

may be revised based upon the availability of existing data and TMDL development activities.  

 

In reviewing the Plan, the Nutrient Criteria Workgroup recommended the NDDEQ prioritize 

nutrient criteria development for Lake Sakakawea as it is a significant public water supply in 

the State and an important recreation lake. The Nutrient Criteria Workgroup also recommended 

the NDDEQ prioritize the Red River for numeric nutrient criteria development. The Red River 

was determined to be a priority due to its importance as a public water supply, its interstate 

significance as a border water with Minnesota and its international significance with Manitoba 

and its role in the restoration of Lake Winnipeg. 

 

Establishing Narrative Nutrient  Criteria First  

 

As a precursor to the development of numeric nutrient criteria, a narrative nutrient criteria was 

adopted into the Stateôs water quality standards during the 2017 triennial review period. As 

recommended by the Nutrient Criteria Workgroup, the narrative nutrient criteria language 

adopted in the State water quality standards is as follows: 
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ñFree from nutrients attributable to municipal, industrial, or other discharges or 

agricultural practices, in concentrations or loadings which will cause accelerated 

eutrophication resulting in the objectionable growth of aquatic vegetation or algae or 

other impairments to the extent that it threatens public health or welfare or impairs 

present or future beneficial uses.ò 

 

Since it is likely that the development of numeric criteria for the Stateôs water resources will 

take a significant amount of time, the adoption of narrative criteria into the Stateôs water 

quality standards is seen as intermediate step giving the NDDEQ the authority to assess the 

Stateôs waters for nutrient related impairments, and for setting nutrient loading targets used 

in TMDLs. In the latter case, when the TMDL demonstrates that a significant share of the 

nutrient load is related to point sources, the narrative nutrient criteria may also serve as the 

regulatory basis for establishing effluent limits for point sources. 

 

Translating Narrative Criteria to Numeric Endpoints  

 

The State water quality standards and the narrative nutrient criteria are State regulations to 

protect the waters of the State. To be effective and meaningful, the narrative language needs to 

be translated to a numeric endpoint or threshold which can be used to assess nutrient 

impairments to a waterbodyôs beneficial uses or as a restoration goal or target in a TMDL or 

watershed plan.  

 

Translating narrative nutrient criteria to a numeric threshold or target is likely a two-step 

process.  Step one will  identify a response indicator that is representative of the beneficial use 

impairment and its threshold for impairment. The second step would be to relate the indicator to 

a nutrient nitrogen (N) and phosphorus (P) concentration or load that causes the threshold to be 

exceeded.  

 

An example of a 2-step process would be identifying an in-lake chlorophyll-a concentration 

(pollutant response) that is known to cause recreational beneficial use impairment and 

determining the in-lake N and P concentrations that cause that chlorophyll-a concentration to be 

exceeded. There may be multiple indicators affecting one or more use impairments. This will 

result in more than one target nutrient concentration or load. In these cases, the more sensitive 

use and indicator would take precedent. 

 

It is expected that the process of translating narrative nutrient criteria to numeric thresholds and 

targets would be an iterative process. Thresholds and targets would be refined and updated as 

additional data collected through the assessment and TMDL process (Figure 1) becomes 

available. Through the assessment process, numeric thresholds and targets will be tested and 

verified through the identification of regional ñreferenceò or ñleast impairedò sites and sites 

known to be impacted by excessive nutrient loadings.  

 

Refinement of numeric thresholds and targets developed through the TMDL process will occur 

through two possible ways. One pathway would be through additional monitoring and analysis 

which would occur as the TMDL is developed. The second would be through implementation 

of the TMDL as best management practices are applied in watersheds for the nonpoint sources 

and/or as reductions are achieved for the point sources. Through this second pathway changes 



12  

in the indicator threshold(s) and target(s) would also be monitored along with changes in 

nutrient concentrations and/or loadings. 

 

Established thresholds and targets will be validated when the beneficial uses are restored by 

meeting the nutrient TMDL targets. In cases where beneficial uses are not restored, even when 

the nutrient targets are met, then additional refinement of the thresholds and/or targets would be 

required.  

 

This set of narrative criteria implementation steps may occur several times before a final 

numeric nutrient threshold or target is judged to be scientifically defensible. When defensible the 

threshold or numeric criteria may be adopted into the water quality standards (Figure 2). It is 

likely that the process of translating narrative criteria to numeric thresholds and targets will 

occur regionally across the State and with a variety of waterbody types or classes. It is also 

likely that the iterative process of refining thresholds and targets could take many years to 

complete. 

 

 

 
 

 
Figure 1. Narrative Nutrient Criteria Implementation Process. 
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   Figure 2. Numeric Criteria Development Process. 
 

2. Setting Nutrient Reduction Targets 
 

When completed and adopted as water quality standards, numeric nutrient criteria will be used to 

set nutrient reduction targets. In the interim, nutrient targets will be developed as the NDDEQ 

translates its narrative nutrient criteria to quantitative nutrient endpoints and thresholds (see 

section IV.A.1. Nutrient Criteria Development). 

 

It will be the goal of this strategy and the NDDEQ to identify priority watersheds. Watershed 

that are impaired due to excessive nutrients and to set quantitative nutrient load reduction targets 

using the TMDL approach and the watershed planning process.  

 

Through the TMDL approach nutrient sources are identified in the watershed and nutrient loads 

are allocated to the contributing point sources and nonpoint sources so that the numeric nutrient 

criteria (or interim thresholds or endpoints) are attained for the impaired waterbodies in the 

watershed. The approach normally used to develop a nutrient related TMDL for a waterbody or 

watershed includes the following five steps: 

 

1. Selection of the nutrient pollutant (e.g., nitrogen, phosphorus, or both). 

2. Estimation of the waterbodyôs assimilative capacity. 

3. Estimation of existing nutrient pollution loading from all sources. 

4. Predictive analysis of nutrient pollution in the waterbody, the effect of load reduction on 

numeric thresholds and endpoints, and the determination of total allowable nutrient load 

to meet the threshold or endpoint. 
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5. Allocation (with a margin of safely) of the allowable nutrient load among the different 

sources in the watershed in a manner that the nutrient reduction target or goal (i.e., 

water quality standards) is achieved. 

 

Once the TMDL and/or watershed plan has been implemented through point source permit 

limits and/or nonpoint source control measures, the impaired waterbody should be reassessed to 

determine if water quality standards (or interim thresholds or endpoints) have been attained or 

beneficial uses are no longer threatened or impaired. The monitoring program used to gather the 

data for this assessment should be designed based on the nutrient target, the nutrient sources, and 

any nutrient related response variables. In some cases, established thresholds and endpoints will 

be validated when the beneficial uses are restored by meeting the nutrient TMDL targets. In 

cases where beneficial uses are not restored, even when the nutrient targets are met, then 

additional refinement of the thresholds and/or targets will be required. 

 

3. Identifying Nutrient Reduction Priorities  
 

Prioritization is defined as the systematic ranking in order of importance. We live in a world of 

limited resources - limited in terms of time, manpower, and money. Prioritization is necessary 

to wisely allocate our limited resources to where they can be the most efficient and effective.  

(i.e., best bang for the buck).  

 

With respect to nutrient reduction and management, North Dakota does not have sufficient 

technical or financial resources to address all the watersheds or nutrient sources in the entire 

State, nor are there likely to be nutrient related problems in all watersheds in the State. For 

these reasons it is necessary to develop an efficient and effective method to identify and target 

priority watersheds within the State where nutrient related water quality problems are 

documented and where nutrient reductions are needed the most. Once priority watersheds are 

identified there is also a need to prioritize and target nonpoint source pollution best 

management practices (BMPs) and other conservation practices (CPs) where they will be the 

most effective in reducing the delivery of nutrients to waterbodies.  

 

To accomplish this objective, the Strategy has identified several decision support tools and 

models to assist the NDDEQ and other stakeholders in setting nutrient reduction priorities. It 

should be noted that prioritization based on model output may not accurately reflect true 

conditions, therefore models and the output provided by models used for prioritization should 

be used with caution. Models can and do provide useful information, especially when used to 

compare and rank watershed or catchments within watersheds. It is, however, a 

recommendation of this Strategy that implementation of conservation practices and BMPs be 

based on field verification. 

 

Watershed Prioritization 

 

Recovery Potential Screening Tool 
 

To assist in setting nutrient reduction priorities at the state and basin scale, the Prioritization 

Workgroup recommended using the Recovery Potential Screening Tool (RPS Tool). The RPS 

Tool is a systematic, comparative method for identifying differences among watersheds that may 
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influence their relative likelihood to be successfully restored or protected. The RPS approach 

involves identifying a group of watersheds to be compared and a specific purpose for 

comparison (i.e., water quality question or scenario), selecting appropriate indicators in three 

categories (ecological, stressor, social), calculating index values for the watersheds, and 

applying the results in strategic basin and watershed planning and prioritization. The EPA has 

developed the RPS Tool to provide states and other restoration planners with a systematic, 

flexible tool that can help them compare watershed differences in terms of key environmental 

and social factors affecting prospects for restoration success. 

 

A customized RPS Tool has been developed for North Dakota that includes indicators specific 

to the State (Appendix C). The North Dakota RPS Tool will serve as the primary method for 

prioritizing and ranking watersheds for water quality management, including nutrient reduction. 

It is recommended that watershed prioritization for nutrient management be done in stages with 

the first stage a comparison of sub-basins (HUC 8) at either the state, regional or basin scale. 

Following stage 1 analysis and prioritization, a stage 2 analysis will be conducted which will 

be a comparison and prioritization of sub-watersheds (HUC 12) within priority sub-basins. It 

should be noted that the examples provided in Appendix C are but one way to prioritize sub-

basins and watersheds in the state. The RSP Tool allows the user to customize their 

prioritization by selecting their own set of ecological, stressor and social indicators and to 

weight the indicators. 

 

SPARROW Model 
 

It is possible to characterize and prioritize watersheds based only on N or P loading or yield. For 

this type of analysis and prioritization, the U.S. Geological Surveyôs Spatially Referenced 

Regressions on Watershed (SPARROW) model may be a useful tool for watershed prioritization 

(http://water.usgs.gov/nawqa/sparrow/). The SPARROW model is an empirically derived water 

quality model that allows the user to predict N and P loads, yields and flow-weighted 

concentrations for watersheds at varying spatial scales ranging from small catchments to large 

river basins and to allocate loads to major source categories in the basin or catchment. 

SPARROW models applicable to North Dakota include the Missouri River Basin model and the 

Great Lake, Ohio, Upper Mississippi, and Souris-Red-Rainey model. Recently, a new 

SPARROW model has been developed for the Red, Assiniboine, and Souris River basin. This 

SPARROW model, which includes Canada, will replace the Great Lake, Ohio, Upper 

Mississippi, and Souris-Red-Rainey model, at least as it applies to North Dakota. 

 

Nutrient Source Identification and Prioritization  

 

Once watersheds (HUC 10) or sub-watersheds (HUC 12) are identified as high priority for 

water quality restoration and/or nutrient reduction, it will be necessary to further prioritize and 

target areas (e.g., small catchments or fields) within these watersheds for BMP or CP 

implementation. There are currently two methods available in North Dakota which are used to 

prioritize and target areas for BMP implementation. One method is the PTMApp decision 

support tool and the other is the AnnAGNPS watershed model. 

 

 

 

 

http://water.usgs.gov/nawqa/sparrow/)
http://water.usgs.gov/nawqa/sparrow/)
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PTMApp 
 

PTMApp (Prioritize, Target, and Measure Application) is an ArcGIS based decision support 

tool for BMP and CP planning and implementation. PTMApp was initially developed for use in 

the Red River basin in Minnesota by the International Water Institute in partnership with the 

Red River Watershed Management Board (Minnesota), the Minnesota Board of Soil and Water 

Resources and Houston Engineering, Inc. Recently, the application has been developed for use 

in the James River basin in North Dakota and work has just started to complete the application 

for the entire Red River basin in North Dakota. The latter will compliment a similar PTMApp 

project in Minnesota which is already completed. 

 

PTMApp can be used in agricultural landscapes to 1) identify the sources and amount of 

sediment, N and P which may leave the landscape and enter a downstream lake or river; 2) target 

specific fields on the landscape (based upon NRCS design standards, landscape characteristics, 

land productivity and/or landowner preference) for the implementation of nonpoint source 

BMPs and CPs; and 3) estimate the benefits of single or multiple BMPs and CPs within a 

watershed where the benefits are expressed as the downstream load reduction reaching a lake or 

river and the estimated cost per load reduction. While currently not available, future versions of 

PTMApp will also allow the user to plan and allocate BMPs in a watershed based on a cost-

benefit analysis. It should be noted that PTMApp uses existing soils, landuse, and slope 

information to predict sediment, N and P loss and does not take into account BMPs or CPs 

currently implemented in the watershed, therefore PTMApp should be viewed only as a tool to 

identify potential sources areas in a watershed. 

 

A series of 10 steps describes the business workflow when using PTMApp for BMP and CP 

prioritization and targeting in watershed planning and implementation (Appendix D). For more 

information on PTMApp go to http://www.rrbdin.org/prioritize-target-measure-application-

ptmapp. 
 

AnnAGNPS Watershed Model 
 

While PTMApp is recommended as the preferred tool for BMP prioritization and targeting, it is 

currently not available for much of the State. In these areas of the state or as a compliment to 

PTMApp, the Annualized AGricultural NonPoint Source Pollution (AnnAGNPS) watershed 

model is another method that has been used in North Dakota to identify areas within watersheds 

that are likely to be high nutrient delivery areas and where the implementation of BMPs and 

CPs would be beneficial. To date, this has been the primary method used by the NDDEQôs 

Section 319 NPS and TMDL programs to prioritize and target areas for BMP and CP 

implementation. 

 

The AnnAGNPS model was developed by the USDA Agricultural Research Service and 

Natural Resource Conservation Service (NRCS). The AnnAGNPS model consists of a system 

of computer models used to predict nonpoint source pollution (NPS) loadings within 

agricultural watersheds. The AnnAGNPS model uses batch processing, continual-simulation, 

and surface runoff pollutant loading to generate an estimated daily mass balance for sediment, 

N and P for each cell. The reach routing component of the model moves sediment and nutrients 

through the watershed. 

 

http://www.rrbdin.org/prioritize-target-measure-application-ptmapp
http://www.rrbdin.org/prioritize-target-measure-application-ptmapp
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Output data is expressed through an event-based report for stream reaches and a source 

accounting report for land or reach components. Output parameters are selected by the user for 

the desired watershed source locations (specific cells, reaches) for any simulation period. 

Source accounting for land or reach components are calculated as a fraction of a pollutant load 

passing through any reach in the stream network that came from the user identified watershed 

source locations. Event based output data is defined as event quantities for user selected 

parameters at desired stream reach locations. 

 

An example of how the AnnAGNPS model is used to prioritize and target BMP and CP 

implementation is the watershed depicted in Figures 3 and 4. In this watershed example 

ñcritical cellsò (those with the highest nutrient loads) were determined to be cells in the 

watershed providing an estimated annual P yield of 0.056 lbs./acre/year or greater (Figure 3) 

and/or an estimated annual N yield of 6.79 lbs./acre/year (Figure 4). In this example, these 

critical cells were determined to be priority areas for BMP and CP implementation. 

 

4. Implementation Strategies for Nutrient Reduction 
 

Implementation strategies are opportunities that may exist or become available for nutrient 

reduction within watersheds or statewide. The implementation strategies described for each 

nutrient source category are actions or activities that can result in incremental progress toward 

nutrient reduction goals. It should be noted that voluntary support and participation will be a 

key factor in ensuring that these strategies are effective in reducing overall nutrient loading to 

the Stateôs rivers, streams, lakes, and reservoirs.  

 

Another key to implementation is adaptive management. The adaptive management approach 

assumes knowledge will be gained through the implementation and observation of nutrient 

reduction strategies. Through adaptive management, strategies will be evaluated on a 

watershed-by-watershed basis to determine what works and what does not. Strategies will also 

be evaluated to determine which can feasibly be implemented through regulatory processes, 

and which practices can  be implemented through ñgrass-rootsò participation and support. 

 

Following the establishment of nutrient load reduction targets/thresholds for priority 

waterbodies, the implementation of source reduction strategies will be necessary for all 

significant nutrient sources in the waterbodyôs watershed. The following describes possible 

nutrient reduction strategies which can be implemented for various categories of nutrient 

sources to North Dakotaôs surface waters. 

While not all available nutrient reduction opportunities will be realized in every watershed, it 

should be the goal to implement nutrient reduction practices for all identified sources in a 

watershed to the maximum extent possible. 
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Figure 3. AnnAGNPS Modeled Phosphorus Yields in an Example Watershed. 
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Figure 4. AnnAGNPS Modeled Nitrogen Yields in an Example Watershed. 

 

Municipal and Industrial Point Sources 

 

The North Dakota Pollution Discharge Elimination System (NDPDES) permit program is 

administered by the NDDEQ. NDPDES permits are required to control and regulate 

discharges from the following: 

 

¶ Municipal wastewater treatment facilities 

¶ Industrial facilities 

¶ Storm water through industrial, construction, or municipal separate storm sewer systems 

(MS4) 

¶ Concentrated animal feeding operations (CAFO) permits and animal feeding operations 

(AFO) 

¶ Temporary discharge permits for activities such as hydrostatic testing of pipes, tanks or 

similar vessels, disinfection of potable water lines, construction dewatering, and the 

treatment of gasoline or diesel contaminated groundwater 
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There are currently 3,807 permitted dischargers within the State. The breakdown of permits is 

listed in Table 1. Two-hundred-eighty-eight (288) active permits are issued to publicly owned 

treatment works (POTWs). While some facilities serve thousands of people, 95% of the POTWs 

are small. This fact has significant strategic planning importance for implementing nutrient 

controls for POTWs. 

 

To address nutrient reduction from municipal and industrial point sources, the NDDEQ has 

categorized all active NDPDES permits into two categories. The first category, Category I, is 

made up of all major municipal and industrial point sources. Major permitted municipal POTWs 

are those with populations of approximately 5,000 people or greater while major industrial 

facilities are those that are identified as major facilities by the EPA Regional Administrator 

working in conjunction with the NDDEQ. For purposes of this strategy all minor industrial 

facilities are also included in Category I as well as some minor municipal point source 

dischargers. The minor municipal point source discharges included in Category I are POTWs 

that have mechanical treatment. 

 

The second category, Category II, is made up of all remaining minor municipal point source 

dischargers. Most of these utilize lagoon systems for wastewater treatment and are more difficult 

to retrofit for biological nutrient removal than the processes employed by major POTWs and 

those minor facilities with mechanical treatment. While most lagoon systems are believed to 

already achieve significant N and P reduction, data to substantiate this claim are limited. It is 

therefore an action item in this strategy to monitor nutrient concentrations in the discharges from 

these systems to quantify how efficient these types of treatment systems are in reducing nutrient 

loading to our surface waters (see Section V). 

 

Table 1. Number of Active NDPDES Permits as of September 20, 2016 

Type of Permit 
Total Number of 

Permits 

INDIVIDUAL PERMIT   

Major Municipal 14 

Major Industrial 10 

Minor Municipal 16 

Minor Industrial 58 

GENERAL PERMIT   

Minor Municipal 258 

Minor Industrial 63 

Temporary Discharge 82 

Stormwater-Construction 2265 

Stormwater-Industrial 438 

Stormwater-MS4 18 

STATE PERMIT   

AFO 513 

CAFO 72 

TOTAL  3807 

 

Due to the high cost in relation to the amount of nutrient reduction that could be achieved by 

minor POTWs, this strategyôs primary focus as it relates to municipal and industrial point 

sources will be on Category I facilities. The emphasis on Category II facilities will be on 
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monitoring, inspections, optimization, and treatment upgrades. The latter will be done on an as 

needed basis. With the large number of minor dischargers with lagoon systems, the NDDEQ will 

also continue to support research into new and improved treatment technologies for lagoon 

systems which will result in additional nutrient treatment and reduction. 

 

Strategy for Category I NDPDES Facilities 
 

As a first step in implementing the nutrient reduction strategy for Category I NDPDES facilities, 

all applicable permits will be renewed to include an effluent monitoring provision for nutrients 

and language related to meeting the narrative nutrient criteria which is included in the Stateôs 

water quality standards (see section IV.A.1. Nutrient Criteria Development). As recommended 

by the Nutrient Criteria Workgroup, the narrative nutrient criteria language included in the State 

water quality standards is as follows: 

 

ñFree from nutrients attributable to municipal, industrial, or other discharges or 

agricultural practices, in concentrations or loadings which will cause accelerated 

eutrophication resulting in the objectionable growth of aquatic vegetation or algae or 

other impairments to the extent that it threatens public health or welfare or impairs 

present or future beneficial uses.ò 

 

Although continually evolving, many nutrient removal technologies for wastewater treatment 

are already proven and well established. Thus, nutrient removal for many of North Dakotaôs 

larger wastewater treatment facilities (e.g., mechanical plants) is technologically feasible and 

will be evaluated for financial feasibility. If necessary, Category I facilities may need to 

construct or modify its treatment facilities or modify plant operations to achieve needed 

reductions in the amounts (i.e., concentration and/or loading) of N and P discharged to the 

receiving stream. These reductions would be in proportion to the dischargerôs contribution to the 

waterbody and other nutrient sources (point and nonpoint) which may be contributing. The 

evaluation process to determine whether this would be necessary is outlined in Figure 5. 

 

As stated earlier, the first step with Category I facilities is to implement monthly monitoring for 

total N and total P in effluents from these sources. These nutrient data will be collected during 

the 5-year permit cycle and evaluated as they become available to help determine the impact the 

facility has on the receiving water body as defined by the narrative nutrient criteria. If the data 

indicates that the effluent is not causing a negative impact on an impaired receiving stream, then 

the facility will continue with effluent monitoring. If the data shows that there is a negative 

impact on an impaired receiving water body, then the NDDEQ will implement upstream and 

downstream monitoring to study the specific impact that the facility is having on the water body. 

These data, in addition to ambient monitoring data, will be used to help determine if there is a 

need to develop a TMDL for the water body. If a TMDL is needed, then the WMP will develop a 

TMDL which will include a load allocation (LA) for nonpoint sources, a waste load allocation 

(WLA) for point sources, and a margin of safety (MOS). The TMDL will be based on a numeric  
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Figure 5. Nutrient Reduction Strategy Implementation Flow Chart for Category I 

Permits renewed to include Total 
Phosphorus and Total Nitrogen 

monioring.

During permit renewal, the 
deparment will evaluate the 

receiving stream status.

Threatened streams will be listed 
in Section 303(d) List of 
Waters Needing TMDLs.

If the receiving stream is not 
threatened due to nutrients, facility 

will continue monitoring.

If receiving stream is threatened due 
to nutrients, the deparment will 

determine if the facility is negatively 
impacting the stream.

If the facility is determined to have 
no impact, or no negative impact 

on receving stream, facility 
will continue monitoring.

If facility is determined to have a 
negative impact on receiving stream, 
facility will implement upstream and 

downstream monitoring for Total 
Phosphorus and Total Nitrogen.

Effluent, upstream, and downstream 
monitoring will continue while 

the receiving stream is threatened 
(303(d) List).

TMDL is developed for receiving 
stream.

WLA implemented into permit during 
permit renewal based on the TMDL.  
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NDPDES Facilities 

target/threshold that will be developed by the NDDEQôs WMP as a means of translating the 

narrative numeric criteria. This numeric threshold and the WLA which will be developed as part 

of the TMDL will provide the regulatory basis for the development of a numeric limit to be 

implemented into the permit. 

 

An important component of any TMDL is public input and comment. As the TMDL is 

developed, the WMP will seek review and comment from the public as well as from any affected 

point source discharger(s). This input will be in the form of stakeholder meetings where input 

will be requested on the nutrient target, technical approaches and models used in the TMDL, 

load allocations and waste load allocations, and implementation strategies to meet the TMDL 

target. 

 

Once the TMDL is completed, the WMP is also required to seek formal public comment through 

a 30-day public notice. This formal public notice affords the public and any affected parties an 

additional opportunity to provide comment on elements of the TMDL including the nutrient 

targets that were selected and the load allocations and waste load allocations developed based on 

the targets. 

 

Once the TMDL is finalized, the department will incorporate the WLA assigned to a facility into 

the facilityôs permit during the renewal cycle.  If necessary, facilities may need to modify 

existing plant operations, or construct modifications to their treatment facilities to meet the 

WLA.  In this case, the department would work with the facility to develop a compliance 

schedule.  

 

Storm Water Point Sources 

 

Due to the intermittent nature of such discharges and their presumed small contribution to the 

overall statewide nutrient load, this strategy does not address specific storm water reduction 

targets. While no specific nutrient reductions have been targeted for municipal or industrial 

storm water discharges, it is anticipated that implementation of MS4 (municipal separate storm 

sewer system) permits and industrial storm water permits will result in some nutrient reduction. 

MS4 is defined as a conveyance or system of conveyances, including municipal streets, curbs, 

gutters, or storm drains, which are owned or operated by a state, city, town, county, district, 

association, or other public body having jurisdiction over disposal of storm water or other 

wastes, are designed or used for, collecting or conveying storm water, and which are not a 

combined sewer and not part of a POTW. The MS4 permit requires regulated communities to 

implement a public education program to distribute educational materials to the community or 

conduct equivalent outreach activities about the impact of storm water discharges on 

waterbodies. This includes steps that the public can take to reduce pollutants in storm water 

runoff, including nutrients, for each audience. The MS4 permit also requires regulated 

communities to develop ordinances to prevent illegal dumping or discharges of pollutants to 

surface waters. Additionally, permittees are required to develop and implement a training 

component for operation and maintenance programs, such as park and open space maintenance, 

with the goal of preventing or reducing pollutants in runoff. This includes written procedures for 

park and golf course maintenance, and fertilizer application.  
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While the contribution of nutrients from stormwater sources may be small at the statewide scale, 

their contributions may be relatively large at the smaller watershed scale. Once identified these 

nutrient sources should be factored into the watershed planning/TMDL effort for the waterbody.  

The department understands there is a lack of research related to urban stormwater runoff and 

encourages more research into the impacts of urban stormwater to better find ways to reduce 

nutrient contributions.  
 

Animal Feeding Operations (AFOs)/Confined Animal Feeding Operations (CAFOs) 

 

AFOôs are facilities where animals have been, are, or will be stabled or confined and fed or 

maintained for a total of 45 days or more in any 12-month period and crops, vegetation, forage 

growth, or post-harvest residues are not sustained in the normal growing season over any portion 

of the facility. AFOs in North Dakota are regulated by the NDDEQ for environmental 

performance. The amount of regulation varies by the type and number of livestock in the AFO. 

For example, an AFO consisting of 1,000 or more cattle is defined as a large CAFO, whereas an 

AFO with between 300 and 999 cattle is defined as a medium AFO. Based on state regulations 

the large CAFO is required to have a NDPDES permit, while the medium AFO is only required 

to have a permit if the facility is within a ¼ mile of surface water or the facility is determined by 

the NDDEQ to be impacting waters of the state. AFOôs that meet the CAFO criteria based on 

animal numbers are also required to submit a nutrient management plan (plan) which is 

reviewed by the NDDEQ. The plan describes how the livestock manure generated by the CAFO 

will be handled and applied to agricultural land, including what equipment will be used in the 

process. The plan also includes field maps, field soils maps, field soil test results, crop rotations, 

and yield goals. Inspections are conducted annually by the NDDEQ to determine compliance 

with the nutrient management plan. AFOs also submit a nutrient management plan but are not 

inspected as frequently as CAFOs. 

 

All AFOôs that are required to have a permit also have water quality setback requirements. 

Setbacks are required from streams, lakes, designated wetlands, and drinking water wells. 

Livestock barns or manure storage structures cannot be located in a 100-year flood plain. These 

operations must retain all manure between periods of land application. AFOôs with dry or 

bedded manure also have regulations governing the stockpiling of dry manure. 

 

Private Sewage Disposal Systems 

 

North Dakota is primarily a rural state with a large, but unknown number of septic systems. In 

addition, the age and condition of the majority of these systems is largely unknown. While the 

impact of septic systems on nutrient loading may be considered minimal on a statewide scale, 

inadequate or failing septic systems may be a significant nutrient source at a watershed scale or 

to a specific lake or reservoir. Therefore, this strategy recommends inventorying and assessing 

the potential for septic system contributions in priority watersheds and lakes. This strategy 

recognizes that most of the Stateôs efforts to address septic systems will consist of upgrading 

failing systems through routine inspections by local district health units. The strategy also 

recognizes that funding for septic system upgrades may be available through approved Section 

319 NPS watershed restoration projects (see Section IV.B.2. Water Quality and Watershed 

Support Programs, Nonpoint Source Pollution Control Program). 

 



25 

 

 

Agricultural Nonpoint Sources 

 

Nitrogen and Phosphorus are two of the most common nonpoint source (NPS) pollutants 

affecting the water quality and beneficial uses of North Dakotaôs waterbodies. These nutrients 

are associated with both urban and agricultural sources, with agricultural sources being present, 

to some degree, in all the watersheds across the State. Within the agricultural industry, N and P 

are necessary inputs that play a critical role in ensuring robust and consistent forage and crop 

production. However, these agricultural ñinputsò can and do become pollutants when applied 

incorrectly and then are delivered to nearby waterbodies by way of surface water runoff, 

subsurface drainage, and wind action on exposed soils. The displaced nutrients from 

agricultural sources such as croplands and concentrated livestock feeding areas are often the 

primary drivers behind hypereutrophic conditions (e.g., algal blooms) that impact the aquatic 

life and recreational uses of surface water resources.  

 

To minimize the water quality impacts of nutrients associated with agricultural production, this 

strategy will focus on the development and implementation of voluntary initiatives and 

programs that increase nutrient use efficiencies, improve soil health, disrupt transport 

mechanisms, improve nutrient management on land with surface and/or subsurface drainage 

systems, and restore assimilative capabilities of waterbodies.  Increased support for research 

and demonstration projects to evaluate the efficiencies of nutrient management practices as well 

as the impacts of nutrients in an aquatic environment will also be used to provide direction for   

nutrient management programs.  To achieve these objectives, coordination with state and 

federal agencies, universities, commodity groups, and nongovernmental organizations will be 

necessary to provide adequate technical and financial resources to agricultural producers 

interested in improving nutrient management on their land. 

 

To effectively reduce or eliminate the movement of N and P from agricultural fields, various 

control measures will be implemented within the watersheds of impaired waterbodies. These 

control measures are defined as beneficial management practices (BMPs) which are designed to 

1) prevent pollutants from leaving a specific area, 2) reduce/eliminate the introduction of 

pollutant, 3) protect sensitive areas, or 4) prevent the interaction between precipitation and 

pollutants. BMPs that restore the assimilative functions of degraded waterbodies are also part of 

the strategyôs measures for reducing nutrient impacts. Common examples of BMPs that will be 

promoted and implemented through the strategy include reduced tillage practices, planned 

grazing management systems (including exclusion fencing of riparian areas and deferred 

rotations), diverse crop rotations, grassed waterways, precision nutrient management, stream 

channel restoration, cover crops, riparian vegetative buffers, converting marginal cropland to 

permanent cover, restoration of drained wetlands, and livestock manure containment facilities. 

 

While most BMPs recognized by the strategy can effectively minimize nutrient impacts as 

stand- alone practices, those benefits can be enhanced by implementing the nutrient 

management practices as part of a larger comprehensive management system that addresses all 

resources. This ñsystems approachò will be promoted and utilized, to the extent possible, at the 

watershed level as well as the farm level. By emphasizing the use of BMPs that consider the 

interaction and connectedness of all resources within a system, the overall effectiveness of the 

strategy will, in turn, be strengthened. This process will involve many different practices 

including those practices that improve soil health, control water movement in the field, manage 
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water exiting fields, filter runoff waters, and restore assimilative functions. The foundation for 

this ñsystems approachò will be soil health management (Figure 6). Through the 

implementation of practices designed to improve soil health on agricultural lands, the nutrient 

and water cycles will be improved leading to more efficient nutrient use, reduced inputs, and 

reduced runoff due to increased infiltration and water holding capacity in the fields. Additional 

complimentary practices that improve nutrient assimilation and impede or prevent the transport 

of nutrients within or outside agricultural fields will also be needed to complete a 

comprehensive nutrient management system. 

 

Implementation of the strategy and, more specifically, management of nonpoint source nutrients 

associated with agricultural production can only be accomplished through a coordinated 

statewide effort. This coordinated effort must involve landowners, commodity groups, 

nongovernmental organizations, academia, wildlife and conservation groups, public health 

organizations, and local, state, and federal agencies involved in resource management and/or 

agricultural production. Agencies and organizations currently involved in the management and 

delivery of NPS technical and financial assistance in North Dakota are shown in Table 2, but 

more involvement is needed by other organizations in the state, including agricultural 

commodity groups, public health agencies, and conservation and wildlife groups. At the center 

of these efforts are the landowners and individuals or entities directly involved in land 

management and agricultural production. As programs addressing agricultural nutrient sources 

unfold, input and participation from all the strategyôs partners and the agricultural community at 

large must be maintained to ensure actions initiated are effective, economical, feasible, and 

most importantly, accepted by agricultural producers. 

 

 
 

Figure 6. Conceptual Model of Conservation Practices and Best Management Practices 

Implementation with Soil Health as the Foundation (Tomer et al. 2013). 

  

Riparian
management

Control water 
below fields: 

Impoundments (e.g., 
ǿŜǘƭŀƴŘǎύΣ ƳŀƴŀƎŜ άǾŀǊƛŀōƭŜ 

ǎƻǳǊŎŜέ ŀǊŜŀǎ

Control water within fields:
Controlled drainage, grassed waterways, filter 

strips

Build soil health:
Zero or restricted tillage, nutrient/manure management, 

diversified/intensified crop rotations
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Table 2. NPS Partner Organizations and their Role in the Delivery of the Strategy. 
 

 
Agency or Organization 

Organization 
Type 

Assistance 
Type ** 

Partner Role in Strategy Delivery 

Federal, NGO* 
or State/Local 

 

TA 
 

FA 
Strategy 
Planning 
Meetings 

BMP 
Cost 

Share 

Nutrient 
Planning 
Assistance 

Natural Resource Conservation Service Federal X X X X X 

US Geological Survey Federal X  X   

US Farm Services Agency Federal  X X X  

US Fish & Wildlife Service Federal X X  X  

US Environmental Protection Agency Federal X X X X  

US Army Corps of Engineers Federal X     

ND Association of Soil Conservation Districts NGO X  X   

ND Stockmenôs Association NGO X X X X X 

ND Corn Growers Association NGO X  X   

Red River Basin Commission NGO X  X   

ND Soybean Growers Association NGO X  X   

ND Soybean Council NGO X  X   

Ducks Unlimited NGO X X  X  

ND Grazing Lands Coalition NGO X    X 

Grain Growers Association NGO X  X   

ND Certified Crop Advisors Board NGO X    X 

Local Soil Conservation Districts State/Local X X  X X 

Water Resource Boards (county-level) State/Local X X    

ND Department of Agriculture State/Local X X X X X 

ND Game & Fish Department State/Local X X X   

NDSU Extension Service (State-level) State/Local X  X  X 

ND State Water Commission State/Local X X X   

ND Forest Service State/Local X     

ND Industrial Commission State/Local  X  X  

Universities (NDSU, UND, VCSU) State/Local X X   X 
*NGO ï Nongovernmental Organization 

**TA ï Technical Assistance; FA ï Financial Assistance 

  The current and future ND Nonpoint Source Pollution Management Program Plans (NPS Plans) 

will inform this strategy with regarding to actions needed to reduce nutrient impacts to beneficial 

uses of the surface water resources in the state. Although there will be differences between the 

NPS Plans, nutrient management will likely continue to be a priority issue. The nutrient 

management actions to be taken under these future plans will also be similar and equally 

committed to achieving the goals of the Nutrient Reduction Strategy. Planned actions for the 

current and future NPS Plans include: 

 

Cropland Management: 
 

1. Support local and statewide educational programs that promote the benefits and 

adoption of cover crops, no till systems, diverse rotations, and other soil health 

management practices 

2. Deliver technical and financial assistance to producers to develop comprehensive 

nutrient management plans that balance nutrient inputs with agronomic needs and 

reduce or eliminate nutrient inputs on unproductive cropland by implementing 

alternative uses that protect water quality in these areas 

3. Promote and support the adoption of precision nutrient management practices that 

improve nutrient use efficiencies 
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4. Support field and watershed scale research or demonstration projects that evaluate the 

fate and transport of agricultural nutrients and/or the effectiveness of nutrient 

management practices and systems at reducing in-stream or in-lake nutrient 

concentrations 
 

Livestock Management 
 

1. Within NPS watershed projects, deliver technical and financial assistance to develop 

planned grazing systems that improve management on the uplands and riparian areas. 

2. Support voluntary statewide and local programs that deliver financial and technical 

assistance to reduce or prevent runoff from concentrated livestock feeding areas. 

3. Disseminate information of practices that improve manure utilization and reduce 

extended stockpiling of manure in areas that contribute runoff to nearby waterbodies. 

4. Provide financial and technical assistance to develop and implement management 

plans for crop-aftermath grazing and winterfeeding areas to prevent accumulations of 

excess manure and bedding. 

 

Subsurface and Surface Drainage Management 
 

1. Promote nutrient management practices that minimize nutrient concentrations in 

subsurface and surface drain discharge waters. 

2. Disseminate information on drainage management systems that improve control of 

tile drain discharge amounts and timing. 

3. Support research and demonstration projects to evaluate effectiveness of in-field 

management practices as well as discharge treatment systems (e.g., bioreactors, 

vegetative strips, wetlands) for reducing nutrient loss on cropland. 

 

Riparian Area Management 
 

1. Restore the function of degraded riparian areas by supporting watershed-based 

projects focused on stabilizing eroding banks; improving grazing practices; 

preventing encroachment and reestablishing riparian buffers. 

2. Support projects or programs that increase the availability of technical expertise 

for evaluating riparian conditions and developing restoration/management plans. 

3. Through strategy partners and local NPS projects disseminate information to 

increase public understanding and awareness of riparian functions and the 

management measures needed to maintain those functions. 

 

Coordination/Delivery 
 

1. Coordinate with agricultural commodity groups, state natural resource agencies, and 

NGOs to gain input on the best approaches for increasing adoption of nutrient 

management practices. 

2. Evaluate options for pooling financial resources or dedicating funds to address 

nutrient management on agricultural lands in priority watersheds. 

3. Support continued development and management of the Prioritize, Target and 

Measure Application (PTMApp) to prioritize and implement field and watershed 

scale nutrient management projects in the James and Red River basins. 
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4. Coordinate with NDSU Extension and the State Soil Conservation Committee to 

develop and deliver conservation planning assistance to soil conservation districts to 

strengthen their capacity to address local natural resource priorities.    

5. Work with NPS Program partners to evaluate options to better coordinate delivery of 

the various conservation funding sources in the state. 

 

B. Strategy Implementation 

 
The NDDEQ recognizes the successful implementation of the strategy will best be achieved on 

a watershed scale. This will promote a more coordinated effort for the collection and sharing of 

data and information, increased availability of technical and financial resources, and more 

focused and effective nutrient management activities. 

 

1. Basin Water Quality Management Template 

 
The Basin Water Quality Management Template (Basin Template) provided in Appendix D 

provides one example of a watershed-scale process that can be used to implement the strategy. 

This Basin Template is organized around the five major river basins in the State (Figure 7). This 

basin management concept can also be scaled down to focus on smaller watersheds to 

accommodate local interests and management needs. The five-major basins are: 

 

1. Red River Basin 

2. James River Basin 

3. Souris River Basin 

4. Upper Missouri River Basin (including Lake Sakakawea) 

5. Lower Missouri River Basin (including Lake Oahe) 
 

It is important to recognize that small catchments are nested within watersheds, which are nested 

within river basins. It is at the catchment level that nutrient reductions and water quality 

improvements will collectively provide cumulative benefits for receiving rivers and streams and 

downstream lakes and reservoirs. 

 

As detailed in the Basin Template, a Basin Stakeholder Advisory Group (BSAG) is formed to 

undertake a locally led process that identifies and addresses water quality assessment, 

prioritization, restoration, and protection activities within a basin. Stakeholders will be recruited 

from local organizations and agencies (e.g., city councils, county commissions, townships, soil 

conservation districts, water resource boards, parks boards). The BSAG is also responsible for 

establishing a Basin Technical Advisory Group (BTAG) ) to provide input during development 

and implementation of the Basin Plan. 
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Staff from the WMP and members of a BTAG will provide the necessary assistance to ensure the 

success of the BSAG in developing a comprehensive Basin Plan. The Basin Plan will formulate 

integrated, comprehensive nutrient reduction strategies and an implementation plan. The Basin 

Plan will be the key document used by the BSAG and its partners to: 

 

1. Describe resource conditions in the basin 

2. Identify water quality management priorities 

3. Identify information and education priorities 

4. Schedule implementation of priority projects, 

5. Estimate financial needs for a 5-year project implementation period 

6. Conduct a basin assessment to evaluate progress/success and adjust goals/priorities 

 

 
Figure 7. Major River Basins in North Dakota. 

 

2. Water Quality and Watershed Management Support Programs 
 

The NDDEQ Division of Water Quality administers water quality and watershed management 

programs that will be critical to the development and implementation of each basin plan and to 

nutrient reduction projects which are included in these plans. The following is a brief description 

of some of these programs. 
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Water Quality Standards Program 

 

State water quality standards are State regulations (i.e., North Dakota Administrative Code) that 

describe the policy of the State which is to protect, maintain, and improve the quality of water 

for use as public and private water supplies; for propagation of wildlife, fish, and aquatic life; 

and for domestic, agricultural, industrial, recreational, and other legitimate beneficial uses. 

 

The State classifies its surface water resources into four categories based on assigned designated 

beneficial uses. Class I, IA, II , and III waters are all assigned the aquatic life, recreation, 

municipal drinking water, industrial, and agricultural uses. What distinguishes the differences 

between the classes is the level of treatment needed for municipal drinking water. The 

assignment of a waterbody into a particular classification is also based on the water quality at the 

time the first standards were promulgated, which was 1967; existing uses at that time; hydrology 

of the waterbody; and natural background factors affecting water quality. 

 

Water quality standards also identify specific numeric criteria for chemical, biological, and 

physical parameters. The specific numeric standard assigned to each parameter ensures 

protection of the beneficial uses assigned for each class of waters provided in the standards. The 

water quality standards also contain general conditions, termed ñnarrative standards,ò applicable 

to all waters of the State. These general conditions contain provisions not specifically addressed 

in numeric criteria and add an extra level of protection for water quality. 

 

The NDDEQ has also developed a narrative biological goal to restore all surface waters to a 

condition like that of sites or waterbodies determined to be regional reference sites. The goal is 

non-regulatory; however, it may be used in combination with other information in determining 

whether aquatic life uses are attained. The State is also in the process of developing ñbiological 

criteria.ò These criteria will define ecological conditions in State waters and set goals for their 

attainment. 

 

In addition to numeric and narrative standards and the beneficial uses they protect; a third 

element of water quality standards is antidegradation. The fundamental concept of 

antidegradation is the protection of waterbodies which currently have better water quality than 

applicable standards. Antidegradation policies and procedures are in place to maintain high 

quality water resources and prevent them from being degraded to the level of water quality 

standards. 

 

State water quality standards have established three categories or tiers of antidegradation 

protection. Category 1 is a very high level of protection and automatically applies to all Class I 

and IA rivers and streams, all Class 1, 2, and 3 lakes and reservoirs, and wetlands that are 

functioning at their optimal level. Category 1 may also apply to some Class II and III rivers and 

streams, but only if it can be demonstrated that there is remaining pollutant assimilative capacity, 

and both aquatic life and recreation uses are currently being supported. Category 2 

antidegradation protection applies to Class 4 and 5 lakes and reservoirs and to Class II and III 

rivers and streams not meeting the criteria for Category 1. Category 3 is the highest level of 

protection and is reserved for Outstanding State Resource Waters.  
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Waterbodies may only be designated Category 3 after they have been determined to have 

exceptional value for present and future potential for public water supplies, propagation of fish 

or aquatic biota, wildlife, recreation, agriculture, industry, or other legitimate beneficial uses. 

 

The U.S. EPA requires the NDDEQ to review and update, as necessary, the State water 

quality standards based on new information and the EPA guidance a minimum of every three 

years. This process is termed the ñtriennial review.ò 

 

Monitoring and Assessment Programs 

 

North Dakotaôs surface water quality monitoring program is detailed in a report entitled North 

Dakotaôs Water Quality Monitoring Strategy for Surface Waters: 2008-2019 (NDDEQ, 

2014). This document describes the NDDEQôs strategy to monitor and assess its surface water 

resources, including rivers and streams, lakes and reservoirs, and wetlands. 

 

The NDDEQôs water quality monitoring goal for surface waters is ñto develop and implement 

monitoring and assessment programs that will provide representative data of sufficient spatial 

coverage and of known precision and accuracy that will permit the assessment, restoration, 

and protection of the quality of all the Stateôs waters.ò In support of this goal and the water 

quality goals of the State, the NDDEQ has established 10 monitoring and assessment objectives. 

The following objectives have been established to meet the goals of this strategy. They are: 

 

¶ Provide data to develop, review, and revise water quality standards. 

¶ Assess water quality status and trends. 

¶ Determine beneficial use support status. 

¶ Identify impaired waters. 

¶ Identify causes and sources of water quality impairments. 

¶ Provide support for the implementation of new water management programs and for the 

modification of existing programs. 

¶ Identify and characterize existing and emerging problems. 

¶ Evaluate program effectiveness. 

¶ Respond to complaints and emergencies. 

¶ Identify and characterize reference conditions. 

 Monitoring Programs, Projects, and Studies 

To meet the goals and objectives outlined above, the NDDEQ has taken an approach 

which integrates several monitoring designs, both spatially and temporally. Monitoring 

programs include fixed station sites, stratified random sites, rotating basin designs, 

statewide networks, chemical parameters, and biological attributes. In some cases, 

NDDEQ staff members conduct the monitoring, while in other instances monitoring 

activities are contracted to other agencies such as soil conservation districts, the US 

Geological Survey (USGS) or private consultants. Table 3 provides a summary of the 

current monitoring programs, projects, and activities that are implemented by the 

NDDEQôs WMP. 
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Table 3. Summary of Monitoring Programs and Objectives. 

Monitoring Program  Monitoring Objective(s) 

Ambient Water Quality Monitoring 

Network for Rivers and Streams 

1. To provide data for trend analysis, general water quality 

characterization, and pollutant loading calculations. 

2. To support the assessment of beneficial use attainment for 

Section 305(b) reporting and Section 303(d) listing. 

3. To develop nutrient criteria. 
4. To identify water quality problems. 

5. To evaluate the effectiveness of pollution control and 

abatement programs (e.g., NDPDES and Section 319). 

Biological Monitoring Program for Rivers 

and Streams 

1. To assess aquatic life use attainment for Section 305(b) 

reporting and Section 303(d) listing purposes. 

2. To develop nutrient criteria. 

3. To identify water quality problems. 

4. To evaluate the effectiveness of pollution control and 

abatement programs (e.g., NDPDES and Section 319). 

Ecoregion Reference Station Network 1. To develop biological indicators using fish, 

macroinvertebrates, and/or periphyton and to use those 

indicators in biological condition assessment for the Stateôs 

rivers and streams at varying spatial scales. 
2. To develop/refine nutrient criteria for rivers and streams. 

3. Refine existing sediment reference yields for rivers and 

streams. 

Lake Water Quality Assessment Program 1. To describe the general physical and chemical condition of the 

State's lakes and reservoirs, including trophic status. 

2. To assess beneficial use attainment for Section 305(b) 

reporting and Section 303(d) listing. 

3. To develop nutrient criteria. 

4. To identify water quality problems. 

5. To evaluate the effectiveness of pollution control and 

pollution abatement programs (e.g., NDPDES, Section 319). 

6. To refine fishery classifications described in the State water 

quality standards. 

Missouri River Mainstem Monitoring 

Program 

1. To provide data for trend analysis, general chemical 

characterization, and pollutant loading calculations. 

2. To assess beneficial use attainment for Section 305(b) 

reporting and Section 303(d) listing. 
3. To develop nutrient criteria. 

4. To develop biological indicators for the mainstem Missouri 

River using fish, macroinvertebrates, and/or periphyton and 

to use those indicators in biological condition assessment of 

the Missouri River. 

5. To identify water quality problems. 
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Table 3 (cont). Summary of Monitoring Program and Objectives. 

Monitoring Program  Monitoring Objective(s) 

Fish Tissue Contaminant Surveillance 

Program 

1. To protect human health by monitoring and assessing the levels 

of commonly found toxic compounds in fish from the Stateôs 

lakes, reservoirs and rivers. 

2. To use these data to develop and issue fish consumption 

advisories. 

3. To assess fish consumption use attainment for Section 305(b) 

reporting and Section 303(d) listing. 

4. To identify water quality problems due to contaminants. 

5. To monitor and assess human exposure of contaminated fish. 

Wetland Monitoring and Assessment 

Program 

1. To develop biological indicators and assessment methodologies 

for wetlands and to use those indicators and methods to 

monitor and assess wetland condition at varying spatial scales. 

2. To refine and apply wetland assessment methods to evaluate the 

effectiveness of wetland mitigation and restoration programs 

and projects. 

3. To support the development of water quality standards for 

wetlands. 

Total Maximum Daily Load Development 

(TMDL) Program 

1. To assess the Stateôs rivers, streams, lakes, and reservoirs and 

to provide a list of waterbodies that are impaired. 

2. To develop TMDLs for waterbodies on the Stateôs Section 

303(d) list that, when implemented, will restore the 

waterbodyôs impaired beneficial uses. 

3. To develop scientifically defensible water quality targets that 

can be used in water quality assessment, the development of 

TMDLs, and in the development of nutrient criteria. 

Nonpoint Source Pollution (NPS) 

Management Program 

1. To assess waterbodies with little or no water quality assessment 

information by identifying beneficial use impairments or 

threats to the waterbody and to determine the extent to which 

those threats or impairments are due to NPS pollution. 

2. To evaluate the effectiveness of implemented BMPs in meeting 
the NPS pollutant reduction goals specified in NPS 

implementation projects. 

Support Projects and Special Studies 1. To provide data or information to either answer a specific 
question or to provide program support. 

Complaint Investigation 1. To determine whether or not an environmental or public health 

threat exists and the need for corrective action where problems 
are found. 

Fish Kill Investigations 1. To determine the extent of the fish kill and the possible cause(s) 
of the fish kill. 
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Total Maximum Daily Load Program 

 

A Total Maximum Daily Load (TMDL) is a pollution budget and includes a calculation of the 

maximum amount of a pollutant that can occur in a waterbody which is necessary to meet 

water quality standards. A TMDL serves as a planning tool and potential starting point for 

restoration or protection activities with the goal of attaining or maintaining water quality 

standards. In North Dakota, the NDDEQôs WMP is responsible for the development, 

implementation, and delivery of the TMDL Program. There are two components to the TMDL 

Program, both which are required under Section 303(d) of the Clean Water Act and its 

accompanying regulations (CFR Part 130 Section 7). 

 

Part one of the program requires each state to identify individual waterbodies (i.e., rivers, 

streams, lakes, and reservoirs) which are considered water quality limited (not meeting water 

quality standards) and which require load allocations, waste load allocations, and TMDLs. 

This list of impaired waters is prepared and submitted to the EPA every two years in the form 

of the ñIntegrated Section 305(b) Water Quality Assessment Report and the Section 303(d) 

List of Impaired Waters Needing Total Maximum Daily Loads (TMDLs)ò (aka the Integrated 

Report). 

 

After developing a list of impaired waters needing TMDLs, the second part of the program 

involves prioritizing waters on the TMDL list and then developing TMDLs for those priority 

waters. To accomplish the TMDL Programôs goal of systematically prioritizing and reporting 

on priority watersheds or waters for restoration and protection and to facilitate State strategic 

planning to achieve water quality protection and improvement, the WMP has developed a 

ñNorth Dakota Total Maximum Daily Load Prioritization Strategyò (NDDEQ, 2016). This 

TMDL Prioritization Strategy describes a two-phased approach for prioritizing impaired 

waters for TMDL development and watershed planning. Specifically, the TMDL prioritization 

strategy will be used to identify: 

 

¶ A list of priority waters targeted for TMDL development or alternative 

approaches in the next two years (near term) 

¶ A list of priority waters scheduled for likely TMDL development or alternative 

approaches through 2022 (long term) 
 

The responsibility for TMDL or alternative plan development for the Stateôs priority TMDL 

listed waterbodies lies primarily with the WMP. To facilitate the development of TMDLs, the 

NDDEQ created three regional offices located in Fargo, Bismarck, and Towner, N.D. The 

focus of the regional TMDL/Watershed Liaison staff is to work with local stakeholders in the 

development of TMDL water quality assessments, TMDLs, and alternative plans based on the 

Section 303(d) list of impaired waters. Technical support for TMDL development projects and 

overall program coordination is provided by WMP staff located in Bismarck. 
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Typically, TMDL development projects involve monitoring and assessment activities which will: 

 

¶ Quantify the amount of a pollutant (e.g., nutrients) that the impaired water can 

assimilate and still meet water quality standards. 

¶ Identify all sources of the pollutant contributing to the water quality impairment or threat. 

¶ Calculate the pollutant loading entering the waterbody from each source. 

¶ Calculate the reduction needed in the pollutant load from each source 

necessary for attainment of water quality standards. 

The goals, objectives, tasks, and procedures associated with each TMDL development project are 

described in project-specific Quality Assurance Project Plans. 

 

Point Source Control Program 

 

As described in Section IV.A.4. Implementation Strategies for Nutrient Reduction-Municipal 

and Industrial Point Sources, the NDDEQ regulates all releases of wastewater from point 

sources into waters of the State. Point source pollution is defined simply as pollution coming 

from a specific source, like the end of a pipe. 

 

Within the NDDEQ, the regulation of all point source discharges is the responsibility of the 

Division of Water Qualityôs North Dakota Pollutant Discharge Elimination System (NDPDES) 

Program. The NDPDES program requires all point source dischargers (municipal and industrial) 

to obtain a permit. NDPDES permits outline technology-based and/or water quality-based limits 

for pollutants required by the Clean Water Act based on the facility type or category and for 

other pollutants determined to have a reasonable potential to exceed water quality standards 

based on the permit application. The NDPDES permit also requires monitoring and reporting for 

those pollutants listed in the permit to ensure the facilityôs discharge does not exceed water 

quality standards. 

 

Since 1992, permits have been required for stormwater discharges associated with construction 

and industrial facilities. Permitting stormwater discharges from industrial sites, construction 

sites, and larger municipalities has become a major portion of the NDPDES program. The 

NDDEQ has issued four separate general permits for stormwater discharges. The general 

permits outline requirements for stormwater discharges from construction activities, industrial 

activities, mining operations, and municipal separate storm sewer systems (MS4's). 

 

Nonpoint Source Pollution (NPS) Control Program 

 

All lakes, rivers, and streams assessed within the State are impacted to some degree by NPS 

pollution. Generally, most water quality impacts to lakes, rivers, and streams are associated with 

agricultural activities in their watersheds. The exception would be watersheds with larger cities. 

There, NPS pollution impacts are also related to urban activities. Groundwater impacts can 

result from the improper use of agricultural chemicals, leaking underground petroleum storage 

tanks, and pipelines, wastewater impoundments, oil and gas exploration activities, septic 

systems, and improperly located and maintained solid waste disposal sites. 
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State and local efforts to address nonpoint source pollution impacts to the beneficial uses of 

North Dakota's water resources are primarily accomplished through the NPS Pollution 

Management Program (NPS Program). The NPS Program is a voluntary program, largely 

dependent on the formation of partnerships and coordination with local, state, and federal 

resource managers. The mission for the NPS Program is to implement a voluntary, incentive- 

based program that restores and protects the chemical, physical, and biological integrity of 

waters where beneficial uses are threatened or impaired due to nonpoint sources of pollution. 

 

The goals for the NPS Management Program have evolved over time as projects are completed 

and updated management plans are developed every five years. The current NPS Pollution 

Management Program Plan (Management Plan) is posted on the NDDEQ website: NPS Home 

(nd.gov). Detailed information on current NPS Program goals, priorities, and delivery are 

provided in the Management Plan. Despite some differences in delivery methods, the basic 

goals of all the Management Plans have continued to focus on watershed assessment, 

implementation of corrective measures, and public education.  

 

Annually, the NPS Program uses Section 319 funding to support approximately 30-35 NPS 

projects throughout the State. While the size, target audience, and structure of the projects can 

vary significantly, they all share the same basic objectives of increasing public awareness of 

NPS pollution issues and solutions, reducing/preventing the delivery of NPS pollutants to 

waters of the State, and evaluating the benefits of the project. Projects supported by the NPS 

Program will generally fall under one of four different categories that describe the basic focus 

of the project. 

 

These project categories are: 1) development phase projects, 2) watershed projects, 3) support 

projects, and 4) information and education (I&E) projects. A brief description of the project 

categories being implemented under the NPS Program are as follows: 

 

Development Phase Projects: Development phase projects are the first step in 

determining NPS pollution management needs and solutions. The watershed scale 

assessment projects under this category are generally initiated by local groups or 

organizations in response to an observed water quality problem and/or other information 

on water quality conditions in a specific waterbody (e.g,. water quality assessment 

reports, TMDL list). Information and data collected through the development phase 

watershed assessment projects is typically used to: 1) determine the extent of beneficial 

use impairments associated with NPS pollution, 2) identify sources and causes of NPS 

pollution, 3) establish watershed-specific NPS pollutant load reduction targets, 4) identify 

feasible solutions to achieve NPS pollutant load reduction goals, and 5) develop a Total 

Maximum Daily Load (TMDL), when applicable. In addition to the watershed 

assessments, the development phase projects also may include projects focused on the 

development of watershed assessment tools or the evaluation of new or emerging NPS 

pollutant sources and causes. The development phase projects are generally one to two 

years in length. 

 

Watershed Projects: Watershed projects are the most comprehensive and long-term 

projects implemented through the NPS Program. These projects are designed to address 

documented NPS pollution impacts identified through previous development/assessment 

phase projects or TMDL reports. The primary goal of the watershed projects is to restore 

https://deq.nd.gov/WQ/3_Watershed_Mgmt/1_NPS_Mgmt/NPS.aspx
https://deq.nd.gov/WQ/3_Watershed_Mgmt/1_NPS_Mgmt/NPS.aspx
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or protect waterbodies where the beneficial uses are impaired or threatened due to NPS 

pollution. This watershed project goal is generally accomplished by 1) promoting 

voluntary adoption of specific BMPs, 2) providing financial and technical assistance to 

implement BMPs, 3) disseminating information on the project and solutions to identified 

NPS pollution impacts, and 4) evaluating progress toward meeting NPS pollutant 

reduction goals. Local sponsors will utilize any available funding including Section 319 

funds, USDA cost-share, North Dakota Outdoor Heritage funds, and local contributions 

to support their watershed restoration efforts. Funds allocated to a watershed project will 

typically be used to employ staff, cost-share BMPs, conduct I&E events, and monitor 

trends in the aquatic community, water quality and/or land use. Watershed projects, 

which are generally initiated as five-year projects, can be extended another five or more 

years depending on progress, size of the watershed, extent of beneficial use impairments 

associated with NPS pollution, and availability of funding. 

 

Support Projects: These are projects that support BMP implementation within other NPS 

project areas or address a specific NPS pollutant source. Support projects can be 

statewide in scope or targeted toward specific NPS projects, geographic areas, or priority 

watersheds. Generally, support projects deliver a specific specialized service or provide 

financial and/or technical assistance to implement a specific type of BMP. Services 

provided by these projects may include the development of construction designs and/or 

planning and financial assistance to implement BMPs such as livestock manure 

management systems, wetland and stream restorations, and riparian buffers. Most 

support projects will be five or more years in length. 

 

Information and Education Projects: The fourth type of NPS project is the information 

and education (I&E) project. As the name implies, projects in this category are those that 

are designed to educate the public on various NPS pollution issues. Educational projects 

can vary greatly in size, focus and target audience and be delivered statewide or locally. 

Some projects may only use demonstrations or workshops to reach the target audience 

while others combine several educational offerings to deliver a NPS pollution 

management message. The I&E projects can be one to three years in length, with the 

option to extend the project an additional three years. 
 

Delivery of the NPS Program is being accomplished through five objectives addressing 1) 

Waterbody Prioritization, 2) Resource Assessment, 3) Project Assistance, 4) Coordination, and 5) 

Public Education. Each objective has specific tasks, planned outputs, and milestones that describe 

the major actions to be completed during the Management Plan period. These objectives are 

presented as individual sections of the Management Plan and are as follows: 

 

¶ Waterbody Prioritization - Provide direction for the delivery of financial and technical 

assistance to assess, restore or protect waterbodies impaired or threatened by NPS 

pollution. 

 

¶ Resource Assessment - Document beneficial use and water quality conditions of priority 

waterbodies and/or watersheds and identify the sources and causes of beneficial use 

impairments. 

 

¶ Project Assistance - Coordinate with local partners to secure sufficient financial and 

technical resources to support the development and implementation of priority watershed 
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assessments, educational programs, and watershed restoration or protection projects. 

 

¶ Coordination - Maintain and expand partnerships at the state and local levels to diversify 

input for project development and implementation as well as to increase opportunities for 

securing and coordinating resources to efficiently address identified NPS pollution 

impacts. 

 

¶ Public Out-Reach and Education - Strengthen support for and participation in NPS 

pollution management projects by increasing public awareness and understanding of NPS 

pollution impacts and the solutions for restoring and protecting those water resources 

impaired or threatened by NPS pollution. 
 

3. Adaptive Management 
 

A key to the successful implementation of the nutrient reduction strategy, Section 319 Project 

Implementation Plans, or other watershed-based planning efforts, is the adaptive management 

process. Adaptive management, also known as adaptive resource management (ARM), is a 

systematic approach for improving resource (or in this case water quality improvement and 

nutrient reduction) management policies and practices by learning from management outcomes.  

 

The adaptive resource management process (ARM) acknowledges uncertainty about how 

natural resource systems function and how they respond to management actions. ARM is 

designed to improve the understanding of how a resource system works, to achieve management 

objectives. ARM also makes use of management interventions and follow-up monitoring to 

promote understanding and improve subsequent decision making. In the context of nutrient 

reduction planning at the watershed scale, ARM consists of the development, implementation, 

and periodic evaluation of the watershed plan to maintain effectiveness.  If a desired outcome is 

not accomplished, then the plan will be modified or changed. 

 

 

4. Education and Outreach 
 

Public education and outreach are important core components to the successful development and 

implementation of the Nutrient Reduction Strategy. 

 

In terms of the nutrient reduction strategy, education and outreach will be required at multiple 

spatial scales, including the state scale and watershed or local scale. At the state scale, education 

and outreach will need to focus on communicating the water quality impairments associated 

with nutrient pollution as well as the primary purpose of the nutrient reduction strategy, its 

guiding principles, and its goals and objectives. 

 

At the watershed scale, education and outreach will be used to inform the public and policy 

makers at the state and county level of the nutrient impairments, management priorities, and 

strategies for addressing priority nutrient impacts to beneficial uses. It is expected local 

stakeholders in the watershed will be responsible for identifying and implementing educational 

activities pertinent to their watershed issues. With assistance from the WMP, these local 

education strategies will address the following objectives: 
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1. Identify and analyze the target audience: 

a) Collect relevant watershed and community assessment information. 

b) Analyze and evaluate information, identify and address data gaps. 

c) Assess, prioritize, and analyze key concerns and issues. 

 

2. Create the message: 

a) Develop management objectives and strategies for implementation. 

b) Package the message. 

c) Distribute the message. 

 

3. Evaluate the outreach campaign: 

a) Adapt selected management actions. 

 

5. Reporting and Accountability 
 

Reporting the progress of nutrient reduction at the State, basin, and watershed scale is an 

important component of the strategy and is critical to the successful implementation of the 

strategy. Effective communication among the agencies and organizations involved in nutrient 

reduction activities and the public is essential to maintaining transparency and ensuring 

credibility. Communicating successes to the appropriate audiences in the form of a clear, 

concise, and understandable message will help engage stakeholders and build confidence in the 

programs, projects, and activities that will be implemented through the strategy. 

 

Reporting can take many forms including websites, presentations, meetings, and traditional 

reports. Some of the NDDEQ reports on nutrient reduction progress include the biennial 

Integrated Section 305(b) Water Quality Assessment Report and Section 303(d) List of Impaired 

Waters Needing TMDLs (aka the Integrated Report), the Section 319 Nonpoint Source Program 

annual report, and annual reports required under the State/EPA Performance Partnership 

Agreement. In addition to the reports required by federal rule and/or law, the NDDEQ will 

develop a new set of reporting indicators and measures specific to nutrient reduction. These new 

measures will be used to inform agencies, organizations, and the public of progress being made 

to reduce the contribution of nutrients to our surface waters and in improvements in water 

quality. Potential new nutrient reduction reporting strategies include: 

 

¶ Convene a workshop to identify indicators, measures, and/or endpoints that can be used 

to report on progress in meeting nutrient reduction goals at the state, basin, and 

watershed scale. 

¶ Hold an annual nutrient reduction forum or summit which will highlight nutrient 

reduction successes and failures, lessons learned, and goals for the future. 

¶ Prepare an annual report specific to nutrient reduction in the State.
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V. Recommended Actions to Support Nutrient Reduction Strategy 

Implementation 
 

The following are specific actions that are suggested to reduce the delivery of nutrients to 

surface waters from each of the source categories. Many of these actions were suggested at two 

stakeholder meetings, one held in Fargo on May 1, 2018, and the other held in Mandan on May 

3, 2018. The following actions are in addition to the general source category actions and 

strategies. In addition to the specific nutrient reduction actions recommended for each source 

category, recommendations for specific education and outreach and indicators and measures are 

also provided for each source category.    

 

Stormwater and Point Sources 

 

Specific Implementation Actions/Strategies 

 

¶ Improve stormwater management by conducting training to MS4 systems in the form of 

ñpond schools.ò 

 

¶ Predictability ï life cycle treatment, if x than y, multi-permit 

 

¶ Define point source ï beet piles 

o Operational 

o Structural 

 

¶ Prioritize phosphorus for nutrient reduction. 

 

¶ Consider trading and credits, especially in the Red River basin. 

 

¶ Treatment credit ï drinking water 

 

¶ Credit for taking septics/small systems 

 

¶ Pond optimization 

o Small municipal 

 

¶ Research stormwater (urban) 

 

¶ Source control 

o  Pretreatment 

o Cooling water, etc. 

 

¶ Monitoring 

o Intake 

o DMR 

o In-stream 

 

¶ Housekeeping BMPs 
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Education and Outreach Actions/Strategies 

 

¶ Have individual ñpond schoolò in the Red River Valley. 

 

¶ Common outreach materials for cities 

 

¶ Watershed based agreement for predictability 

 

¶ Discussion with Minnesota 

 

¶ Acreage/land use 

 

¶ LEC 

 

¶ ñBad Actorsò 

 

Indicators and Measures 

 

¶ Discharge monitoring 

 

¶ Reasonable utility rates/cost 

 

¶ Stay out of court. 

 

¶ Monitoring 

 

¶ Accountability/responsibility 

 

Private Sewage Disposal Systems 
 

Specific Implementation Actions/Strategies 

 

¶ Survey at the township level ï rural areas 

 

¶ Actions 

o Inspection of system upon sale 

o Learn observe surrounding areas 

o Statewide consistent approach to rules, permitting, training, installers, etc. 

 

¶ Determine scope of the issue 

o How many systems 

o Size of system 

o Age of system 

o Sized according to soil test/type 

 

¶ Consistent approach 
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¶ Review systems on homes that are ñxò age. 

 

¶ Limit where septic systems can be installed (soils are a limiting factor). 

 

¶ Education and public outreach 

o Real estate agents 

o Developers 

o Social media 

 

¶ Finding bad actors when it comes to installation 

o Education and permitting/licensing 

 

Education and Outreach Actions/Strategies 

 

¶ Work with township officers/board to survey septic systems to assess system ï need to know how many 

systems. 

o Explain why it is important 

o Statewide township officers meeting 

o Develop document for township to use 

Á Simple 5 questions 

 

¶ Work with counties on where they are at with septic ordnances. 

o First step to consistent approach  

 

¶ Contact surrounding states to see what codes they have and what education is available. 

 

¶ Use available programs (319) to set sailing systems. 

 

¶ Realtor training 

 

¶ Publications 

o ñMaintaining Your septic systemò- Farm & Ranch Guide (explain why and the $ savings) 

o Inserts in proper tax statements 

o Developers- handout zoning-NRCS soil info 

o Handouts for septic pumpers to give to customers 

¶ Meeting with public health units 

o Posting of each countyôs ordinances on state DoH website 

 

Indicators and Measures 

 

¶ Percentage of townships complete percentage of surveys 

 

¶ Percentage of counties that have a septic code 

 

¶ Made contact with MT, SD and MN 

 

¶ Inventory state systems to determine scope. 

o Follow up after ñxò amount of time of outreach. 
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¶ Target township level. 

 

¶ Determine level of pumping. 

o Pumper records 

 

¶ DNA testing to identify problems 

 

AFOs/CAFOs 

 

Specific Implementation Actions/Strategies 

 

¶ Livestock pollution reduction program ï NDDA 

o Runoff control 

Á Small facilities 

Á Location (zoning) 

 

¶ ND Stockmanôs Environmental Services 

o Setbacks 

Á Water and people  

o Precision application for waste from Animal Feeding Operations 

Á Lack of monitoring (N&P Control) and volume/acreage  

 

¶ Soil Tests ï Application rates 

 

¶ Producers need to ensure manure is handled 

o In accordance with application rates 

 

¶ Unpermitted AFOôs need more energy in education and outreach. 

 

¶ Over application 

 

¶ Enforce laws in place  

 

¶ Local level township (start) 

o Landowner 

 

¶ Filter strips 

 

¶ More public input 

 

¶ Fines (enforce fines for pollution) 

 

¶ Maintaining compliance 

 

¶ NDSU Extension 

o Traveling program 
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¶ Education for public on what is going on. 

o ñFarm to Plateò for urban and rural public (all ages) 

o Facilitate education success stories 

 

¶ Education for producers on the importance of soil tests to manure tests for proper land application to ensure 

over application is prevented. 

 

¶ Analysis of manure for chemical composition. 

 

¶ More education and outreach for NMPôs. 

 

¶ Small                 Large need to incorporate the above actions. 

 

¶ Producers-education-look at using facilities that have been successful. 

 

¶ Social media outreach. 

o Twitter 

o Facebook 

o Develop App for DEQ 

o NDSU Extension- NMP education 

o Financial Assistance/technical 

Á Dept. Ag 

Á NRCS 

Á Stockmenôs 

 

Education and Outreach Actions/Strategies 

 

¶ Soil test/precision application/manure analysis. 

o Over application 

 

¶ Set backs. 

 

¶ All communication starting at local level (bottom-up). 

 

¶ Enforce laws. 

o Livestock pollution reduction program/stockmanôs 

Á Voluntary 

¶ Memorable marketing. 

 

¶ Sellable. 

 

¶ Face to Face/ food & coffee. 

 

¶ Are AFO & CAFOs over sold on the impacts to water quality. 

 

Indicators and Measures 

 

¶ Amount of enforcement actions.  
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o Annual basis 

 

¶ BMPôs on the ground 

 

¶ Permitted= Do report & accountable 

 

¶ Non-permitted 

 

Agricultural Nonpoint Sources 
 

Specific Implementation Actions/Strategies 

 

¶ Education ï Success stories 

o Current states 

o BMP ï what they are 

o Economic of BMP 

 

¶ BMP Demonstrations (working farms) 

o What works ï Where/When/How 

 

¶ Coordinate measures with 

o CCA, local producers 

o CEUôs for CCAôs 

o Extension 

o Banks etc. 

 

¶ Educate insurance companies/policies. 

 

¶ Apply nutrients to max yield using extension recommendations ï reduces over application.  

 

¶ Recognition of different soil capabilities 

 

¶ Messaging on small HUCS. 

o Locals know specifics better, more effective, small/closer groups easier to 

coordinate/motivate/interest people into reduction strategies 

 

¶ Has to be based on science 

¶ Must include economist as well 

 

¶ Peak flow reduction 

 

¶ Follow up with results and data to respective agency 

o Whoôs tracking 

o What is the impact/benefit 

o Tell everyone, not just local 

Example: Easements for soil retention ï is it working/how much 

 

¶ Celebrate success. 
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¶ Erosion control/cover crops 

 

¶ Seasonal water retention 

 

¶ Limiting red tape and bureaucracy 

 

¶ Communication is key 

 

¶ System of discovery farms to help spread ideas and information relevant to local landowners 

 

¶ Education 

 

¶ Identify potential risk areas 

o Current states inventory 

 

¶ Identify BMP/systems that are known to work 

 

¶ Identify additional research needs 

 

¶ Solicit impact from stakeholders 

 

¶ ñHelpingò structure for success 

o Technical (one stop) 

o Financial resources 

o Farmer to farmer testimony 

o Common message 

 

¶ Solution based on science 

 

¶ Matching economics and timeliness with opportunities and assistance 

 

Education and Outreach Actions/Strategies 

 

¶ Economies for BMP 

o Acquire form scale economic data 

o Inform through partnerships 

 

¶ Coordinate messages (common messaging).  

 

¶ BMP demonstration 

 

¶ Monthly press release of successes (consistently). 

 

¶ Social media/newspaper (old and new). 

 

¶ Field Day 
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¶ Get young people engaged to show profit. 

 

¶ Need someone in charge 

o Social media director 

o Make sure things are ñfindableò and follow up 

o Learn best/most read newspapers 

 

¶ Make sure positives are included as well as negative. 

o Positive actions/projects/things that improve 

 

¶ Highlight results of demos ï broad scope. 

 

¶ Peers telling peers how things work ï include funding 

 

¶ Piggyback on other meetings (Thursday afternoon). 

 

¶ Make sure science is not over their heads. 

 

¶ Start with compliments/recognition of what has been done. 

 

¶ All social media 

 

¶ Technical assistance training (common message) 

 

¶ Public service messaging 

o Rural & urban 

 

¶ Commodity group publications 

 

¶ Maximize face to face contacts 

 

¶ Turn around assistance team- (structure for success) 

 

¶ Demonstration projects (water quality champions) 

 

Indicators and Measures 

 

¶ Use farm management instruction. 

o Information sharing process 

 

¶ Standard marking material 

o Track all outreach efforts. 

 

¶ Field day attendance, trends, money on BMP 

 

¶ Alternate survey 
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¶ Water Quality data shows position trend (edge of field). 

 

¶ Increase participation in government programs. 

 

¶ Monthly press releases on success 

 

¶ Establish regional number values and show relationships. 

 

¶ PSAôs before/after farm reports 

o Farm 

o Former success stories 

o Thank youôs 

 

¶ Make values/information understandable. 

o Donôt need chemistry to understand 

o ñSpotlightò index (fire damage) 

o Report/Index/Updated ï better leverage/field level 

Á Numbers into something understandable 

 

¶ Presentations of results/status at commodity farm shows 

 

¶ Results published in local county newspapers 

 

¶ Awards and words 

 

¶ Farmer Speakers 

o Speakers bureau 

 

¶ Publish success. 
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Appendix A 

North Dakota Nutrient Reduction Strategy 

Planning Team Members 



 

 

 
Sector/Agency/Organization 

Agency/Organization 
Contact 

Agriculture Sector  

ND StockmeƴΩǎ !ǎǎƻŎƛŀǘƛƻƴ Julie Ellingson 
Scott Ressler 

ND Assoc. of Soil Conservation Districts James Cart 
Brian Johnston 

ND Farmers Union Wes Niederman 

ND Farm Bureau Jeffrey Missling 
Eric Aasmundstad 

Municipalities/Local Government  

Public Utilities, City of Bismarck Keith Demke 

ND League of Cities Jerry Hjelmstad 
Connie Sprynczynatyk 

ND Association of Counties Terry Traynor 

ND Tribes, Standing Rock Sioux Tribe Everett Iron Eyes 
Ronni Chase Alone 
Larissa Wolf Necklace 

Industry  

Tesoro Refinery/ND Water Pollution Board Randy Binegar 

American Crystal Sugar Craig Maetzold 
ND Lignite Energy Council Sandi Tabor 

ND Petroleum Council Kari Cutting 

Regulatory/Agency  

ND Dept of Agriculture Doug Goehring 

ND State Water Commission Mike Noone 

ND Game and Fish Dept Scott Elstad 

US Fish and Wildlife Service Jessica Johnson 

Environmental  

ND Wildlife Federation Mike McEnroe 

Dakota Resource Council Don Morrison 
Leo Walker, alternate 

Sierra Club-Dakotah Chapter Wayde Schafer 
Exofficio Members  

USGS Joel Galloway 

NRCS Mary Podoll 
Ted Alme 

US EPA Region 8 Al Basile 
Eric Steinhaus 



 

 

NDSU Extension Dave Franzen 

ND Dept of  Environmental Quality Dave  Glatt 
Karl Rockeman 
Mike Ell 
Aaron Larsen 
Peter Wax 
Greg Sandness 
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North Dakota Nutrient Criteria Development Plan 
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1 Introduction  

 
1.1 Impetus for Developing Nutrient Criteria 

Nutrients such as phosphorus and nitrogen are essential components used during normal 

biological processes within plants and animals. Nitrogen and phosphorus are naturally 

occurring substances, an important component of the molecular backbone of cells, and 

essential to sustaining life. Within surface waters, nutrients exist in a variety of forms. 

Nutrients may be in either particulate or dissolved phases, associated with living or 

senescent tissues (i.e., organic) or associated with abiotic (inorganic) material such as the 

soil matrix. 

Elevated levels of phosphorus and nitrogen within the environment resulting from human 

activity can cause real (or perceived) concerns for surface water quality. These concerns 

become manifested when a lake, reservoir, wetland or stream fails to meet its intended 

societal use (i.e., beneficial use) because excess nutrients cause too much algae and/or 

vegetation growth (or some other consequence) resulting in an ñimpairedò condition. The 

enrichment of lakes, reservoirs, rivers and wetlands with excess nutrients is consistently 

one of the top causes of water resource impairment within the United States (EPA 2000). 

In 1998, the U.S. Environmental Protection Agency (EPA) published the National 

Strategy for the Development of Regional Nutrient Criteria (i.e., the National Strategy). 

The genesis for the National Strategy stems from a foundation of technical work 

completed at the state, regional, and national level to assess the existing data on nutrient 

problems and the extent of currently available tools to assess and address nutrient 

enrichment (EPA 1998). This work culminated in a Clean Water Action Plan (CWAP) 

published in the Federal Register in March 1998, which includes the development of 

water quality nutrient criteria as a key component. 

The National Strategy describes the approach recommended by the EPA when 

developing nutrient criteria and in working with States and Tribes to adopt nutrient 

criteria for implementation through numeric water quality standards. The intent of the 

National Strategy is to establish numeric water quality criteria for nutrients, implemented 

as standards, which curtails water quality problems stemming from excessive nutrients in 

the environment. The intent is to restore and protect the Nationôs water resources. 
 

1.2 The Federal Approach to Nutrient Criteria 

The EPAôs National Strategy for the Development of Nutrient Criteria involves a two- 

phased approach. During Phase I, the EPA developed nutrient water quality criteria (i.e., 

recommended concentrations) for phosphorus, nitrogen, and other parameters for use by 

states as a fundamental tool to begin developing state-specific nutrient criteria. The 

recommended EPA criteria are based upon a statistical analysis of previously collected 

water quality monitoring data. The recommended values for the criteria correspond to 

specific percentiles of the statistical distribution (see Section 3.2.1 for additional 

discussion) for water quality data within aggregations of Level III ecoregions. 

During the second phase, each state is expected to adopt nutrient criteria for water quality 

to protect the beneficial uses of a stateôs waters. 
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States and Tribes were afforded flexibility in selecting an approach for developing 

nutrient criteria with implementation as numeric standards. The EPA provided three 

possible approaches from which States or Tribes could choose regarding criteria 

development: 

1. Adopt the EPA nutrient water quality criteria based on aggregated Level 

III ecoregions (either the established range or a single value within the 

range); 

2. Combine the EPA recommendations for nutrient criteria with their own databases 

to develop their own statistically-based criteria; or 

3. Use the EPA methodology (or some other accepted approach) for defining 

criteria or, alternatively, construct a scientifically defensible method for 

developing nutrient water quality criteria. 

The need for the State of North Dakota is to develop technically defensible nutrient 

criteria for surface waters, protective of the resource and consistent with federal 

guidance. 
 

1.3 Scope of this Nutrient Criteria Development Plan 

The EPAôs National Strategy for the Development of Nutrient Criteria recognized four 

major water body types: 

1. Streams and rivers; 

2. Lakes and reservoirs; 

3. Estuaries and coastal marine waters; and 

4. Wetlands. 

The EPA developed technical nutrient criteria guidance manuals for the first three water 

body types, to provide guidance and assist the States and Tribes with the development of 

nutrient criteria. As of August 2006, some publications (Wetland Modules) are available 

for monitoring and assessing wetlands, but the complete guidance manual remains 

unavailable. 

This plan describes the anticipated conceptual approach for developing nutrient water 

quality criteria by the State of North Dakota. The plan specifically focuses on lotic 

systems (i.e., small to large wadeable and non-wadeable streams and rivers) and lentic 

systems (i.e., lakes and reservoirs). The plan currently excludes wetlands, although the 

issues discussed and recommended methods are potentially applicable to wetland 

systems. 

For lotic and lentic systems, the plan: 

1. Defines a recommended approach for developing nutrient criteria; 

2. Identifies the data needed to develop the nutrient criteria; and 

3. Where possible, identifies key issues, milestones and decisions. 

While the scope of the plan is intended to provide clear and meaningful guidance for the 

development of nutrient criteria within North Dakota, resolving certain ambiguities or 

unknowns associated with the amount and quality of data necessary to develop the 
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criteria is beyond the scope of this plan. This plan represents a road map for use by the 
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State of North Dakota to navigate through the complex issues related to developing 

nutrient criteria appropriate for (and protective of) its surface water resources. A 

complete analysis of the data needed to develop the criteria, the analysis and development 

of the criteria and criteria implementation as water quality standards is expected to occur 

subsequent to the completion of this report. As recognized by the EPA, the report does 

not represent a binding commitment and modification of the plan will likely be needed as 

new information becomes available or unanticipated issues arise (Grubbs 2001). This 

plan is consistent with the content for a nutrient criteria plan as required by the EPA. 
 

1.4 Nutrient Criteria Development Philosophy 

The development of nutrient criteria by the State of North Dakota is driven by three 

fundamental considerations. These considerations are that the criteria developed should 

be: 

1. Protective of the Stateôs water resources and their designated beneficial uses; 

2. Tailored to the unique physiographic characteristics and water resources of this 

northern plain (prairie) state; 

3. Technically and scientifically defensible; and 

4. Based upon conceptual ecosystem models that reflect cause (stressor) ï effect 

(response) relationships founded on excess nutrient concentrations and that reflect 

the reasons for resource impairment (e.g. excessive algae in a lake) and the loss 

of beneficial uses. 

These considerations guide the recommended approach presented by the plan. 
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2 Data Available to Develop Nutrient Criteria  

 
2.1 Overview 

A broad array of literature and water quality data were reviewed and assessed while 

preparing the nutrient criteria development plan for North Dakota. The literature 

reviewed included reports and information specific to North Dakota (see Section 2.5), 

other states which have or are developing nutrient criteria development plans, and the 

EPA national guidance material. North Dakota surface water monitoring data, obtained 

from the NDDH, the United States Geological Survey (USGS) and from the EPA, were 

reviewed and summarized. The objective for the literature and data review was to 

understand potential options (including benefits and limitations) for North Dakota in 

establishing an approach for developing nutrient criteria. A thorough statistical analysis 

of the data to develop the criteria is expected during the implementation of this plan. 

The analysis presented in this plan is primarily intended to understand the limitations of 

the available data and the need for collecting additional data when developing criteria. 
 

2.2 Section 305(b) Assessment Data 

2.2.1 Overview 

Section 305(b) of the Clean Water Act requires states to develop a comprehensive 

biennial report on the quality of state waters. North Dakota is characterized by four Level 

III ecoregions and five major basins (Map 1), which ultimately drain to Canada and 

South Dakota. A narrative summary of Level III ecoregions is found in Appendix A and 

a summary description of major basins is found in Appendix B. The basins and 

associated surface waters are shown in Maps 1 and 2. To help manage surface waters the 

State recognizes five hydrologic basins as: 

1. Red River (including Devils Lake and the Upper and Lower Red River 

Subbasins); 

2. Souris River; 

3. Upper Missouri River (Lake Sakakawea); 

4. Lower Missouri River (Lake Oahe); and the 

5. James River. 

For the 305(b) assessment effort, the NDDH evaluates data collected on most of the 

publicly managed lakes and reservoirs. However, the many lotic (flowing) systems means 

that only a relatively small portion of streams and rivers can be feasibly assessed through 

the collection and analysis of water quality samples (i.e., monitoring). While an estimated 

2.5 million acres of wetlands are present in North Dakota, these lentic systems are 

currently not assessed by the state, although a monitoring and assessment program is 

under development. 
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2.2.2 Lakes and Reservoirs 

The NDDH currently recognizes 224 lakes and reservoirs for water quality assessment 

purposes. Of this total, there are 134 reservoirs and 90 natural lakes (Table 1). Two 

reservoirs (Lake Sakakawea and Lake Oahe) located on the mainstem of the Missouri 

River comprise 67 percent of the stateôs combined lake and reservoir surface area. 

Seventy-three (73) percent of the total area comprised by the 90 natural lakes in North 

Dakota is attributed to Devils Lake. Natural lakes, with the exception of Devils Lake, 

tend to be under represented in the State relative to the total surface area of lakes and 

reservoirs. 
 

2.2.3 Streams and Rivers 

The NDDH evaluated over 10,000 miles of streams and rivers for water quality 

assessment purposes. There are 54,427 miles of streams and rivers in the state, of which 

only 10 percent are considered perennial (Table 2). North Dakota shares perennial 

systems with South Dakota and Minnesota, including the Bois de Sioux River and the 

Red River of the North, respectively. Together these border rivers total 427 miles in 

shared length, which is almost 8 percent of North Dakotaôs total perennial system length. 

The perennial and ephemeral (intermittent) streams and rivers in North Dakota are 

distributed somewhat unevenly across the state with more ephemeral streams in the west. 
 

2.3 Section 303(d) Impairments 

Section 303(d) of the Clean Water Act requires states to develop a list of waters which, 

through the assessment processes, are identified as not meeting beneficial uses 

established by the State. Impaired waters identified in 2006 are shown in Map 3 and 

summarized in Tables 3 and 4. Four beneficial uses (aquatic life, recreation, drinking 

water, and fish consumption) were assessed for purposes of Section 305(b) reporting and 

Section 303(d) lists. Water bodies can be water quality limited and therefore placed on 

the Section 303(d) list due to a variety of pollutants from sources including point sources, 

nonpoint sources, or both. 

 

The NDDH uses a suite of indicators to assess beneficial use attainment and impairment, 

and to determine causes and sources of stressors affecting water quality. The NDDH uses 

a tiered approach that combines core indicators selected for each beneficial use and water 

resource type combination, plus supplemental indicators selected according to site- 

specific or project-specific considerations. Core and supplemental indicators1 for each 

water resource type include physical, chemical, habitat, biological, and landscape 

variables and metrics. While there are a number of lakes and reservoirs listed on the 

Section 303(d) list for eutrophication / nutrient enrichment, there are no river and stream 

segments currently listed on the Section 303(d) list because of excess nutrients. Some 

water bodies may also be listed because of the manifestation of excess nutrients like low 

dissolved oxygen concentrations. 
 

 
 

1 
The terms core indicator and supplemental indicator are used by the NDDH for assessing impairment of a 

water body. These indicators may also be considered ñresponse variablesò or ñaffect variablesò as used in 

this plan, which are the manifestation of excess nutrients. 
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2.4 Available Water Quality Data 

2.4.1 NDDH Water Quality Monitoring 

The NDDH has a ten year strategy drafted for monitoring the water quality of surface 

waters. This strategy builds on the foundation laid by previous monitoring efforts within 

the state. The NDDH establishes four categories of monitoring efforts: 

1. Condition monitoring; 

2. Problem investigation monitoring; 

3. Effectiveness monitoring; and 

4. Special studies monitoring. 

These categories help distinguish between the various purposes of the monitoring 

programs and projects necessary to meet the goals and objectives of the NDDH ten year 

strategy. 

 

In 1991, the NDDH initiated the Lake Water Quality Assessment (LWQA) Project. Since 

that time, the NDDH has completed sampling and analysis for 111 lakes and reservoirs in 

the state. Lentic sampling sites are shown in Map 4 and summarized for select 

parameters applicable to developing nutrient criteria in Table 5. The results from the 

LWQA Project have been prepared in a functional atlas-type format. Each lake report 

discusses the general description of the water body, general water quality characteristics, 

plant and phytoplankton diversity, trophic status, and watershed condition. Beginning in 

1997, the LWQA Project activities were integrated into the NDDHôs rotating basin 

monitoring strategy. In addition to its inclusion in the annual LWQA Project, Devils Lake 

and Lake Sakakawea have received special attention. 

 

The NDDH first conducted state-wide biological monitoring of its streams and rivers 

from 1993 through 2000 using a rotating basin approach with intensive targeted chemical 

sampling sites. Lotic water quality sampling sites are shown in Map 5 and summarized 

by select parameters in Table 6. The rotating basin monitoring program was discontinued 

in 2001 while the NDDH focused its resources in support of sampling for the EPAôs 

Environmental Monitoring and Assessment Program (EMAP) Western Pilot Project (see 

Section 2.4.3). Some biological monitoring data (i.e., macroivertebrate and fish 

abundance) has also been collected by the NDDH (Map 6). 

 

Table 6 shows limited available chlorophyll-a data, with the exception of Level III 

ecoregion 48, for rivers and stream. Considerable total phosphorus and total nitrogen data 

are available across all Level III ecoregions for rivers and stream. Considerable total 

phosphorus, total nitrogen and chlorophyll-a data are available across all Level III 

ecoregions for lakes and reservoirs. 
 

2.4.2 National Water Information System 

The USGS collects and analyzes chemical, physical, and biological properties of water, 

sediment and tissue samples from across the Nation. These data are accessible through 

the USGS National Water Information System (NWIS). There are a total of 1,302 sites 
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within lentic or lotic systems which have been sampled by the USGS in North Dakota. 

Existing sampling sites on lentic and lotic systems are shown in Maps 4 and 5, 

respectively. Select parameters of interest are summarized in Tables 7 and 8. Within the 

last ten years, roughly 46 lentic sites and 105 lotic sites have been sampled for nutrients. 

However, one water body may be associated with several sample sites, such as Lake 

Sakakawea or Devils Lake. Although the USGS dataset shows considerable data across 

all Level III ecoregions for total phosphorus and total nitrogen, limited chlorophyll-a data 

are available for lakes and reservoirs or streams and rivers. Chlorophyll-a data are 

available for Devils Lake, the Chain of Lakes in the Devils Lake basin, Lake Darling, 

select locations on the Souris River and select locations within the Missouri River 

system. 
 

2.4.3 EMAP Western Pilot Project 

The EPAôs Environmental Monitoring and Assessment Program (EMAP) Western Pilot 

Project is intended to help establish reference conditions for wadeable streams. The 

primary goal of the EMAP Western Pilot Project is to generate state and regional scale 

assessments of the biological condition of wadable perennial rivers and streams in the 

western United States and to identify stressors associated with the degradation of these 

resources. In 1999, EMAP embarked on a multi-year effort to demonstrate the application 

of core monitoring and assessment tools across a large geographical area of the western 

United States. The EMAP-West project includes the twelve conterminous states in EPA 

Regions 8, 9, and 10. The surface water component of EMAP-West has developed a set 

of indicators of ecological condition and environmental stressors. These include: 

1. Biological assemblages (fish, macroinvertebrates, and algae); 

2. Ambient water chemistry (nutrients, acid/base status, etc.); 

3. Fish tissue contaminants (mercury, metals, PCB congeners, persistent organics); 

4. Physical habitat (sedimentation, in-stream / riparian habitat structure, etc.); and 

5. Watershed characteristics. 

Within North Dakota between 2001 and 2004, a total of 113 samples were collected 

characterizing wadeable streams. Sampling sites are shown in Map 5 and summarized by 

select parameter in Tables 9 through 11. Sites were chosen by EMAP staff in 

consultation with State staff, based on a random (i.e., probabilistic) site-selection process. 

However in some instances, duplicate sampling efforts were performed on one date at a 

single station (i.e. reach-wide versus targeted riffle sampling). 

 

Table 9 shows that during the EMAP Western Pilot Project no chlorophyll-a or 

periphyton data were collected within lotic systems. Water quality data were primarily 

collected for lotic systems within Level III ecoregions 43 and 48, and excluded regions 

42 and 46. Reference sites were primarily located in ecoregions 43 and 48 (see Table 

11). These data are expected to be useful in obtaining a general sense of total phosphorus 

and total nitrogen concentrations at reference sites within two ecoregions, but of limited 

value in establishing the cause ï effect relationship or establishing ecological endpoints 

except within ecoregions 43 and 48. A suite of biological indicators were collected along 

with the chemical water quality data. 
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2.4.4 Sheyenne River Pilot Study 

The NDDH commissioned a pilot study, funded by the EPA (Zheng et al., 2004) to 

evaluate the development of potential nutrient criteria for wadeable streams within the 

Northern Glaciated Plains ecoregion (46). Ecoregion 46 includes the Sheyenne River and 

itsô tributaries. The pilot study evaluated a suite of stream metrics as well as land use 

factors. Fourteen sites were selected as targeted reference sites within the area 

contributing runoff to the Sheyenne River. Two additional sites were selected outside of 

the Sheyenne River watershed as reference sites. Sampling occurred over a two-year 

(2001-2002) period. Recommended nutrient criteria were developed during this pilot 

study for total nitrogen, nitrate-nitrite nitrogen, total phosphorus, and soluble phosphorus. 

The nitrogen criterion developed during the pilot was similar to those recommended by 

the EPA using a statistical approach for the aggregate ecoregions. The pilot study 

recommended a criterion for total phosphorus considerable greater than that 

recommended by the EPA. The pilot study recommended an approach to developing 

nutrient criteria which consisted of combining information from reference sites with 

effects-based relationships of macroinvertebrate response. 

 

Several lessons were learned from the completion of the pilot study. Identifying 

conditions considered as ñreferenceò proved challenging, because of the considerable 

anthropogenic disturbance within the watershed. Nitrogen rather than phosphorus may be 

the nutrient limiting primary productivity. Measuring periphyton biomass proved 

challenging, and generally periphyton and diatom assemblages did not show a pattern of 

change in response to nutrient concentrations or other environmental variables. Duplicate 

periphyton samples tended to show low similarity (i.e., poor precision), suggesting 

challenges with the sampling method. Macroinvertebrate assemblages were associated 

with environmental variables, primarily the number of EPT taxa. 
 

2.4.5 Statistical Analysis of Existing Data 

The EPA Region 8 contracted with Dr. Pete Richards from Heidelberg College to apply 

the EPAôs recommended statistical approach to the stateôs water resources. The effort 

resulted in the determination of potential draft nutrient criteria for Level III ecoregions 

within North Dakota, based on currently available data (Table 12). Based upon the 

statistical analysis, agreement between the potential criteria as derived by the EPA and 

Dr. Richards varies. The primary limitation with the analysis is the lack of a cause-

effect relationship. 
 

2.5 Literature Review 

2.5.1 Overview 

A diverse assemblage of literature relating to nutrient criteria development was compiled 

and reviewed (Table 13). The literature reflected federal technical guidance documents, 

fact sheets, and other information, as well as nutrient criteria plans from many states. 

Nutrient criteria plans from 14 states were screened to identify those with relevance to 

North Dakota. 
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2.5.2 Documents Relevant to North Dakota 

There is potential value to North Dakota from building upon existing nutrient criteria 

plans. Most notably, it allows the state to understand the rationale for developing criteria 

and utilize a proven, successful strategy. It allows the state to select the most salient 

pieces of each plan to develop its own tailored approach to developing nutrient criteria. 

Nutrient criteria plans from 14 states were screened to identify those which were deemed 

as having particular relevance to North Dakota. 

 

The documents from six states seemed especially applicable to North Dakota. Key 

components of the six nutrient criteria plans are summarized in Tables 14 and 15. 

Several factors were generally considered when assessing the relevance of a stateôs 

nutrient criteria plan to North Dakota, including similar water resources, geographic 

proximity, scientific rigor of the plan, and ability (based on staff and financial resources) 

to implement the plan. The following state plans were identified as relevant to North 

Dakota: 

1. California; 

2. Colorado; 

3. Florida; 

4. Minnesota; 

5. Montana; and 

6. Utah. 

The content and detail contained in each plan varies considerably. The key components 

of some plans were difficult to clearly and concisely summarize in categorical form. In 

large part, this is due to the open-ended nature of the narrative found within several plans. 

While this affords a certain level of flexibility, it also reduces the utility of the nutrient 

criteria development plan itself. However, given that caveat, the approaches proposed for 

North Dakota generally align with those of other relevant states. 

Based upon the literature review, several items seemed relevant to developing nutrient 

criteria within North Dakota: 

1. Omernick Level III or IV ecoregions represent a good spatial scale for developing 

nutrient criteria for streams and rivers; 

2. Nutrient criteria should be seasonal, reflective of the temporal response of the 

resource; 

3. The application of the EPAôs recommended approach of the 25th percentile for 

the monitoring data ñpopulationò can result in unduly restrictive criteria; 

4. Using a 75th percentile concentration for sites identified as ñreferenceò is 

preferred over the 25th percentile for the monitoring data ñpopulationò 

recommended by the EPA; 
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5. Nutrient concentrations established using regional stressor ï response2 field 

studies tend to fall within a narrow band around the 85th percentile value using 

reference site data; 

6. The selection of nutrient criteria based on a statistical approach (including the 

EPAôs recommended approach) is best supported by ground-truthed field data 

used to develop a site specific stressor ï response relationship; 

7. The nutrient criteria should ideally include some expression of uncertainty (e.g. 

confidence interval) which reflects the inherent variability of natural systems, 

both in terms of the stressor ï response relationship and the beneficial use 

impairment; 

8. Common sense should be applied when using a statistical approach (i.e., 

consideration given to censoring techniques, sample size, correlation among 

causal variables, the type of statistical distribution); 

9. Many states prefer the use of a reference approach, either to establish the form of 

the stressor ï response relationship or for applying a statistical approach. 

However, identifying ñreferenceò for large river systems can be challenging; 

10. Identifying the limiting causative factor(s) for some systems can be a challenge; 

11. Spatially varying nutrient criteria on large lakes and reservoirs may be necessary 

to be protective and represent the naturally occurring longitudinal change in water 

quality; 

12. Criteria are intended to be regionally protective. Site-specific data developed 

through the completion of a total maximum daily load study may still be needed 

to protect a specific water body; and 

13. Few states have actually implemented their criteria ï so additional lessons can be 

learned. 

The intent is to incorporate the relevant lessons learned from the literature review into the 

North Dakota nutrient criteria development process. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

2 
The terms ñstressor ï responseò and ñcause ï effectò are used interchangeably, to mean the change in a 

water body in response to excess nutrients. 
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3 Proposed Nutrient Criteria Development Strategy  

 
3.1 Nutrient Criteria Development Template and Concepts This 

section presents a proposed strategy for developing nutrient criteria for the State of 

North Dakota. The ability to implement this strategy will be largely based upon the 

availability of good quality surface water quality monitoring data to identify and verify 

reference sites and statistically defensible stressor ï response relationships. Therefore, the 

approach should be considered ñpreliminaryò with revisions necessary as more detailed 

information becomes available. The intent is to provide sufficient detail within this plan 

to generally identify the anticipated criteria development approaches for lotic (i.e., rivers 

and streams) and lentic (i.e., lakes and reservoirs) systems sufficient to secure additional 

funding. This funding is needed to conduct the studies to develop the data to establish 

nutrient criteria. 
 

3.1.1 Spatial (Geographic) Scale for Criteria Development 

Nutrient criteria may be developed on a site specific basis (i.e., individually for each 

water body) or across some larger geographic area (e.g. region or state). The advantages 

of developing the nutrient criteria across some larger geographic area are that 1) a lesser 

level of effort may be required to develop the criteria, because criteria are not developed 

individually for each water body using site specific data, and 2) there is greater 

consistency of the criteria when it is applied across a larger area. The disadvantage is that 

the criteria may be over or under protective of the resourceôs beneficial uses, because 

they are generalized. 

 

Two alternative spatial scales, ecoregions and major surface water hydrologic basin, have 

been considered for criteria development. It is the recommendation of this plan to use a 

nested approach of Level III ecoregions (Map 1) further subdivided by major surface 

water hydrologic basins (Map 2) for nutrient criteria development. The intent is a 

geographic scale which separates large river systems like the Missouri River, which are 

influenced considerably by conditions beyond the Stateôs border. Using major surface 

water basins as the primary spatial scale rather than ecoregions may have an advantage. 

This will be evaluated further once statistical analysis of the data begins. Large reservoirs 

are expected to behave differently than most water features within their ecoregion. The 

water quality of large rivers and the mainstem reservoirs (Lake Sakakawea and Lake 

Oahe) is influenced considerably by the large amount of drainage area beyond the North 

Dakota border. Additionally, there are numerous perennial lotic systems which flow 

through more than one ecoregion. 

 

Using ecoregions alone, rather than a nested approach should be considered if the nested 

approach proves difficult. Previous statistical analysis of North Dakota stream and lake 

data by Dr. Richards did not conclusively indicate significant differences in potential 

nutrient criteria among all ecoregions. Statistically significant differences between some 

ecoregions were determined for select parameters (e.g. total phosphorus and total 
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nitrogen). In part this analysis was hindered by an inadequate spatial distribution in data 

collection. A nested approach may prove cumbersome and difficult to apply, simply due 

to the number of criteria that would need to be developed and the amount of data 

required. The nested approach also implies that significant differences would exist in 

water quality among ecoregions within a hydrologic basin. An advantage of the nested 

approach is that criteria and data can always be aggregated using a larger spatial scale. 

Some initial work will be necessary to select the ñbestò spatial scale. 
 

3.1.2 Temporal Scale for Criteria Development 

Nutrient criteria should ideally be developed in a manner, which reflects the timing 

(when during the year) and duration (how long) of the beneficial use impairment. The 

timing and duration of the beneficial use impairment may differ from the timing and 

duration of the factors leading to the impairment. For example, the timing and duration of 

an algal bloom in a lake or reservoir during the growing season may be caused by an 

episodic pulse in nutrient load in the spring. Nutrient criteria need to include a temporal 

component (i.e., the time of year they apply and any duration or recurrence or averaging 

period) associated with the criteria. 
 

3.1.3 Stressor ï Response Relationship 

The process and methods used to develop nutrient criteria are ideally based upon a known 

and quantifiable stressor ï response relationship. The stressor(s) ñcausesò the 

manifestation of the response or an ñeffect.ò The response or effect is some condition 

which fully or partially prevents the intended beneficial use(s) of the aquatic resource. 

The anticipated stressor-response relationships for lotic and lentic systems are discussed 

within Section 3.2. The preference is to establish criteria as an expression of the stressor 

variable where exceedance of some threshold results in an undesirable condition for the 

response variable. 

 

Expectations are that conceptual ecological models (e.g., Causal Analysis / Diagnosis 

Information System or CADDIS; existing ecosystem water quality models) will provide 

the theoretical foundation for the stressor ï response relationships. Example models are 

presented in the specific sections pertaining to lotic and lentic systems. Conceptual 

models will assist not only with identifying the stressor ï response relationship, but also 

to reasonably ensure the proper stressor variables and metrics are identified and measured 

which best describe the systemôs response to nutrient enrichment. 

 

Figure 1 shows an example conceptual model for a lotic system from CADDIS. There 

are several additional sources for conceptual models that can be used for lotic systems. 

Some of these conceptual models include commonly used receiving water quality models 

such as QUAL2K, CEQUALW2 and WASP. Prior to selecting specific stressor ï 

response variables for developing the nutrient criteria for lentic systems, a conceptual 

model using currently available information will be finalized. Ideally, this conceptual 

model will recognize the uniqueness of the prairie aquatic ecosystem. 
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Figure 1. Example Conceptual Model for the Response of a Lotic System to Excess 

Nutrients (from CADDIS). 
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3.1.4 Water Body Classification 

3.1.4.1 Classification System 

The biological response to excess nutrients varies depending upon the physical and 

hydrologic characteristics of a water body. The actual metrics used to quantify the 

physical and hydrologic characteristics can vary. However, the metrics often involve an 

expression of light penetration, flow regime, and abiotic factors such as habitat, salinity, 

or acidity. Classifying water bodies is intended to enable the development of nutrient 

criteria which best reflects the likely response of water bodies which are similar in nature. 

 

For the purpose of developing nutrient criteria, a process is needed to classify water 

bodies with regard to their landscape setting and the resulting physical and chemical 

characteristics within each geographic area. Based upon preliminary considerations, the 

following water body classification system is recommended: 

 
Reservoirs and Lakes (Lentic Systems) 

a. Reservoir 

i. Large River Reservoirs (e.g., Lake Sakakawea, Lake Oahe, 

Jamestown Reservoir, Lake Ashtabula) 

ii.  Small and Medium River Reservoirs (e.g., Sweet Briar Dam, 

McDowell Dam, Crown Butte Reservoir) 

b. Natural Lakes 

i. Shallow Lakes (e.g., Lake Haskins, Green Lake, Powers Lake) 

ii.  Non-shallow Lakes (e.g., Devils Lake) 

c. Wetlands4 

2. Rivers and Streams (Lotic Systems) 

a. Perennial 

i. Wadeable 

ii.  Non-wadeable (i.e., large) 

b. Intermittent / Ephemeral 

 

The recommended approach for classifying lentic water bodies includes using mean 

depth (derived from surface area and volume), maximum depth, fetch, open water area, 

overflow rate, and hydraulic residence time. The availability of some of these 

characteristics for lakes managed by the North Dakota Game and Fish is shown in Map 

7. Hydraulic residence time and overflow rate may be derived using surrogates such as 

mean annual runoff volume derived from contributing drainage area. Two other 

important metrics, which may be considered or developed in the event the proposed 
 

 

 
 

4 
Wetland nutrient criteria are not included in the scope of this Plan. 
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metrics are insufficient to classify lentic systems, are the mixing characteristics (e.g., 

polymictic versus dimictic) and dominant stable state (vis-a-vis clear macrophyte 

dominated state for shallow lake systems). 

The recommended approach for classifying lotic water bodies includes the metrics of 

flow regime (likely frequency and magnitude of discharge) and drainage area at the 

watershed mouth. The National Hydrography Dataset (NHD) is anticipated to be the 

primary tool for the initial classification of lotic systems. A careful evaluation of the 

decision process used to define a stream within the NHD as perennial or intermittent is 

needed to ensure the distinctions between lotic systems (perennial and intermittent) are 

appropriate and suitable for nutrient criteria development within North Dakota. An 

alternative classification metric, which proved to be useful in Montana, is stream order. 

The ability to develop nutrient criteria using the preliminary water body classification 

system depends upon the amount of water quality data available for the parameters of 

interest. Subsequent analysis of sample size by geographic area and water resource type 

is needed. 
 

3.1.4.2 Definitions 

The following preliminary definitions are presented for the purpose of classifying water 

bodies and determining the amount of water quality data available by water body type. 

These definitions may be modified or adjusted during the implementation of this plan. 

Lentic Systems - Lentic systems are generally considered as standing water systems. This 

concept is quite broad, encompassing bodies of standing water with widely differing 

spatial (size) and temporal (seasonal) characteristics. In natural systems, there are no 

clear boundaries between standing water systems - only gradients. The categories and 

labels used to describe features such as wetlands, ponds, and lakes are somewhat 

arbitrary, often informal, and are primarily constructed to help manage the standing water 

systems. For this plan, a lentic system will include a lake, reservoir or wetland. 

Lake - The State of North Dakota does not have a definition of a lake within the 

Century Code6. For the purpose of this plan, the following criteria are used to 

distinguish a lake system from other lentic systems: 

1. Surface area of 10 acres (4 hectares) or more; 

2. A maximum depth which is not less than 3.3 feet (1 meter); and 

3. A minimum non-vegetated, contiguous open water area of 1,000 m2 or more. 

The standing water forming a lake is not artificially created or increased in depth by 

obstructing a watercourse through the use of a dam or other man-made obstruction. 

Shallow Lake - A shallow lake is a natural lake, characterized by standing water, 

where light penetrates to the bottom sediments to potentially support rooted plant 

growth throughout the water body. The lack of consistent thermal stratification during 
 
 

6 
The Century Code is the codification of all general and permanent law enacted since statehood. 
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the summer and the tendency to exhibit alternative turbid and clear stable states are 

also common characteristics of this class of water. 

Non-shallow Lake - A non-shallow lake is characterized by both a shallow shoreline 

area that may potentially support rooted plant growth and a deeper portion where 

sunlight does not penetrate to the bottom. These water bodies frequently stratify into 

distinct thermal layers during the summer. 

Reservoir - Reservoirs are artificial (man-made) lentic systems. At a minimum, 

reservoirs must meet the first three conditions defined for a lake system. In addition, 

the following criteria are used to distinguish reservoirs from other lentic systems: 

1. Existence of a control structure to actively regulate water levels and 

discharge; and 

2. Generally shorter hydraulic residence time (generally less than 1 year) 

because of a larger drainage area to surface area ratio compared to a lake. 

Wetland ï A lentic system that is inundated or saturated by surface or groundwater at 

a frequency and duration sufficient to support, and that under normal circumstances 

does support, a prevalence of vegetation typically adapted for life in saturated soil 

conditions. Wetlands generally include swamps, marshes, bogs and similar areas. 

Lotic systems ï Lotic systems are generally flowing water systems. More specifically, 

they can be characterized by the presence of a unidirectional gravity induced current. As 

with lentic systems, there is substantial variability in the types of lotic systems. For this 

plan, a lotic system will include wadeable and non-wadeable streams or rivers. 

Wadeable Stream or River - A wadeable stream or river is a lotic system which can 

generally be traversed on foot and exhibits a depth such that it can be ñsampledò 

without the use of a boat during summer base flow conditions. These lotic systems 

can be further classified according to the temporal nature of their flow regime as 

either perennial or intermittent. 

Non-Wadeable Stream or River - A non-wadeable stream or river is a lotic system 

which cannot be traversed on foot and exhibits a depth such that ñsamplingò can only 

be conducted with the use of a boat during summer base flow conditions. These lotic 

systems are typically perennial. 

Perennial Stream or River - These systems are generally considered those which 

have flowing water throughout most of the year during the open water season 

(generally > 90% of the time) during a typical year. These systems may periodically 

have no observable flow, but this generally occurs only during extreme drought. The 

stream bed seasonally intersects the water table. Groundwater is typically the source 

of base flow and runoff from rainfall is a supplemental source of water for stream 

flow. Perennial streams and rivers are generally 3rd order or greater. 

Intermittent Stream or River - These systems are generally considered those which 

only periodically have flowing water during the open water season, during most 

years. These systems may not convey water at all, unless under periods of extremely 

high precipitation. The stream bed seasonally intersects the water table. Runoff from 
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rainfall is a supplemental source of water for stream flow. These streams and rivers 

may be 2nd, 3rd or 4th order. 

Ephemeral stream: An ephemeral stream has flowing water only for a short duration 

during spring runoff or after precipitation events in a typical year. Ephemeral stream 

beds are located above the water table year-round. Groundwater is not a source of 

water for the stream. Runoff from spring runoff or rainfall is the primary source of 

water for stream flow. An ephemeral stream is generally 1st or 2nd order. 

3.1.5 Criteria Variability and Beneficial Use Impairment 

The purpose for developing regional nutrient criteria is to broadly protect water bodies 

from the enrichment of nutrients due to human effects, thereby protecting designated 

beneficial uses (e.g., recreation, drinking water supply, aquatic life). Nutrient 

concentrations within a water body fluctuate across some range in response to naturally 

occurring factors such as varying loads resulting from a range of precipitation and runoff 

conditions. The biological response will mirror this natural fluctuation. It is expected that 

water bodies in ñecological balanceò can experience a range of nutrient concentrations 

(either daily, seasonally or annually), while still supporting beneficial uses. The regional 

nutrient criterion must also either implicitly or explicitly incorporate an acceptable range 

of concentrations bounding that criterion. This concept is graphically shown in Figure 2. 

Conceptually Figure 2 illustrates that opposing ends of a 

Figure 2 ï Conceptual Distribution of Chemical Concentrations within Water Bodies 

across a Geographic Area* and the Relationship Between a Nutrient Criterion, and 

Reference and Impaired Conditions. 

 
 

*Represents the concentration ñpopulationò from all measured sites. Adapted from Figure 9 in EPA 2000. 
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response metric frequency distribution are the reference water bodies (low nutrient 

enrichment) and impaired water bodies (high enrichment). 

Finding locations which represent reference conditions can be challenging. Most of the 

stateôs land cover is altered and affected by human influence. Caution is needed to 

properly define and characterize reference, if this approach is used to establish nutrient 

criteria (see Section 3.1.6 for the definition of reference). 

A nutrient criterion is not intended to represent a single threshold from which beneficial 

use impairment can be determined. A criterion is a regionally-derived value based upon 

the classification of several or many similar water bodies. The process to ascertain 

beneficial use impairment is procedurally more rigorous in North Dakota. A common 

thread is that some of the stressor variables are the same as the core and supplemental 

indicators, which the State uses in beneficial use determination. 

The nutrient criteria, once established, are based on regional information intended to 

establish maximum acceptable nutrient levels for water bodies of different types across 

the State. The NDDH uses additional factors to list specific waters as impaired and place 

them on the Section 303(d) list of impaired waters needing TMDLs. For those water 

bodies which are impaired by nutrients, a specific total maximum daily load study 

(TMDL) must be performed to determine how a water body can be improved (i.e., 

nutrient levels reduced) to meet its beneficial uses. It should be recognized that there may 

be the need on a site specific basis (i.e., TMDL where the regional criteria are not 

sufficient, either too restrictive or not restrictive enough) to establish site specific 

criteria. In these cases, the site specific criteria will be adopted into the State's water 

quality standards prior to TMDL implementation. 

It is recommended that there also be a process to evaluate and define a translator 

mechanism during the nutrient criteria development process. This translator mechanism 

would allow established nutrient criteria to be adjusted in order to address impaired water 

bodies. The translator mechanism would essentially be a method or process allowing the 

ñconversionò from the numeric criteria developed for a region to a site specific criteria or 

goal. 
 

3.1.6 Reference Condition Definitions 

A wide range of definitions have been used to describe reference condition. Ideally, a 

location selected to represent reference conditions reflects pristine conditions, devoid of 

any human influence. The following definitions are applicable to developing nutrient 

criteria: 

Pristine - The biological condition exhibited by an aquatic resource in absence of 

human disturbance, as characterized by the types and abundance of species. The 

biological condition prior to Euro-American settlement is generally assumed to be 

ñpristineò. 

Minimally Impacted Conditions - The biological condition exhibited by an aquatic 

resource in the presence of minimal human disturbance, as characterized by the types 

and abundance of species. The biological condition following Euro-American 
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settlement is generally assumed to be impacted. An analysis of the condition of the 

landscape within the contributing drainage area is typically characterized by minimal 

agricultural and urban influences. It is generally assumed that these conditions do not 

actually occur in North Dakota. 

Least Impacted Condition - The biological condition exhibited by an aquatic 

resource characterized by the least amount of human disturbance available in a region 

for a water body class, as characterized by the types and abundance of species. The 

definition of least impacted conditions has the same meaning as ñregional reference 

siteò as defined within 2.b.(6) of 33-16-02.1-08 General Water Quality Standards of 

North Dakota Century Code. The biological condition following Euro-American 

settlement is generally assumed to be impacted. An analysis of the condition of the 

landscape within the contributing drainage area is typically characterized by the 

smallest amount of agricultural and urban influences. The least impacted condition 

may or may not be the minimally impacted condition. 

Regional reference sites (2.b.(6) of 33-16-02.1-08 General Water Quality Standards 

of North Dakota Century Code) means sites or water bodies which are determined by 

the department to be representative of sites or water bodies of similar type (e.g., 

hydrology and ecoregion) and are least impacted with respect to habitat, water 

quality, watershed land use, and riparian and biological condition. Regional reference 

sites are used to describe regional reference condition. 

Using the least impacted reference condition to establish the nutrient criteria is 

recommended. 

Efforts are ongoing within the State to establish a suite of candidate reference sites and/or 

reaches, which can be used for multiple purposes, including the development of 

biological criteria, suspended and beded sediment (SABS) criteria, and nutrient criteria . 

The EMAP Western Pilot Project effort identified 21 reference sites within a single Level 

III ecoregion for North Dakota (see Table 11). Further identification of reference sites 

are expected as part of a planned biological monitoring effort for the Red River of the 

North Basin, catalyzed by the International Red River Board (IRRB) (Fritz 2004). 

Recommended definitions of reference conditions as developed for the IRRB are similar 

to those described above. The NDDH anticipates establishing a reference site network, 

with one of the purposes being the development of nutrient criteria. Important data to be 

collected at the reference sites include nutrient concentrations and cause-affect 

relationships for nutrient response. 
 

3.2 Recommended Approaches for Nutrient Criteria 
Development 

The preliminary recommendations are based upon the current understanding of data 

availability, the desired philosophy of the NDDH, and the need for a method tied to the 

biological response of the resource to excess nutrients. The approach ultimately selected 

and implemented may be different from that recommended, as additional information and 

data are collected and analyzed. The approach ultimately selected must result in nutrient 

criteria which are technically and scientifically defensible, can be reasonably 

implemented within state law and rule, and are acceptable to society. Preliminary 
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recommended approaches are provided for lotic and lentic systems separately, because 

of their differing response to excess nutrients. 
 

3.2.1 The ñEPA Approachò 

As stated in Section 1.2, the EPA outlines three approaches from which States could 

develop their nutrient criteria. The first two approaches are based on descriptive statistics 

defining the 75th percentile concentration for reference sites, or the 25th percentile 

concentration of non-reference sites, to identify the numeric criterion for a parameter. 

Regionally recommended nutrient criteria by the EPA are summarized in Table 12, along 

with criteria based on previous North Dakota analyses. The use of statistical methods and 

the selection of percentile concentrations as an approach for determining nutrient 

criteria are not recommended for North Dakota, without some linkage to the stressor- 

response relationship. Noteworthy drawbacks to a purely statistical based method 

include: 

¶ Percentiles of data do not consider the environmental context of a resource. For 

instance, this method would apply the same numeric criterion to all perennial 

streams, regardless of size (e.g., Missouri River versus the Maple River); 

¶ The ñarbitraryò choice of a percentile rank may in fact establish a numeric 
criterion lower than the least impacted or minimally impacted conditions; and 

¶ Use of a statistically based approach is not tied to the stressor-response 

relationship, and does not address the ability of a percentile-derived criterion to 

protect beneficial uses. 

While the EPA technical guidance manuals provide excellent information, they do not 

specifically relate the recommended approach to the beneficial use. These uses vary from 

state to state. As noted in Section 2.3, North Dakota recognizes four beneficial uses for 

water bodies. This plan for developing criteria is based upon establishing nutrient 

criteria protecting the most ñstringentò beneficial use, which in most cases will be 

aquatic life. The recommended approaches assume that criteria developed to be 

protective aquatic life are also protective of all other beneficial uses (e.g., drinking water 

supply, recreation). 

 
3.2.2 Proposed Approach for Lentic Systems 

3.2.2.1 Conceptual Model 

Figure 3 presents a conceptual ecological model showing the response of lentic systems 

to excess nutrient concentrations. This model suggests potential causative ecological 

endpoints (i.e., response variables) include the frequency and severity of algal blooms, 

the concentrations of chlorophyll-a and chlorophyll-b, some measure of water clarity, 

dissolved oxygen concentrations and Trophic Status Index (TSI) score. The conceptual 

model further suggests that the applicable causative variables are those that limit primary 

production. 
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3.2.2.2 Ecological Endpoints (Response Variables) 

The response variables are generally those variables measured in the environment that are 

used to determine whether a resource is impaired because of excess nutrients. During the 

process of developing nutrient criteria, the response variables will be used to develop the 

ñcause ï affectò relationship that forms the technical basis for the criteria. 

Several ecological endpoints are used by the NDDH in assessing impairment and the 

attainment of beneficial uses for aquatic life. The ecological endpoints are also our 

response ñtargetsò for the nutrient criteria. Characteristics of the fish community 

(primarily the types and abundances of species) and the algal community (primarily 

characterized by the types and abundances of phytoplankton and the amount of 

chlorophyll) are often used as ecological endpoints. 

An increase in the frequency and severity of algal blooms is a typical response to excess 

nutrients in lakes and reservoirs. Algal biomass, expressed as the concentration of the 

pigment chlorophyll-a, is a common variable used to assess the response of lakes and 

reservoirs to excess nutrients. Algae in the water column reduce water clarity and the 

penetration of light. Secchi disk transparency, an indicator of water clarity, is an excellent 

physical response variable. 

Using the concentrations of chlorophyll-a and chlorophyll-b, and water clarity expressed 

as Secchi disk transparency, as the response variables for nutrient enrichment is 

recommended. An additional recommendation is that the frequency and severity of algal 

blooms be evaluated as a potential response variable. This requires operationally defining 

an ñalgal bloom.ò The definition of a bloom likely varies geographically, depending upon 

user perception. 

Because the fish community is dependent upon suitable physical and chemical conditions 

for survival, we further recommend that dissolved oxygen be considered as a response 

variable. The amount of dissolved oxygen available to support a diverse assemblage of 

fish species generally declines as the severity of nutrient enrichment increases. 
 

3.2.2.3 Causative Variables as Nutrient Criteria 

Nutrient enrichment is principally responsible for: 1) changes in basic food webs 

including altered algal communities and causing harmful or nuisance algal blooms, which 

can lead to the loss of an economically important fishery and overall aquatic biodiversity; 

2) loss of native submerged aquatic plant habitats that are important to fish and other 

biota; and 3) anoxia leading to fish kills and/or degraded benthic (bottom) habitats that 

affect shellfish and other biota. 

The key in developing nutrient criteria is to understand the specific factors that 

biologically limit algal production. Those variables measured in the environment, which 

are indicative of excess nutrients, and that drive the ecological response are potential 

causative variables that can serve as criteria. 

Lentic systems are known to respond to 1) increasing concentrations of various nutrients 

including nitrogen and phosphorus; 2) increasing concentrations of metabolic building 

blocks, including various forms of carbon (e.g., CO2) and silica; and 3) light needed for 

photosynthesis. The mathematical form of the response may be linear or nonlinear. 
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Figure 3 ï Conceptual Ecological Model for the Response of a Lentic System to 

increased Nutrient Concentrations (from CADDIS). 
 

 

 


